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Preface 


n the past, many Canadians took their natural heritage for 
ranted. They viewed the environment as an almost limit- 
>SS source of raw material to be exploited and fed to a 
rowing economy. The pollution that inevitably accompa- 
ied this growth, to the extent that it was considered at all, 
vaS assumed to be dealt with by nature’s equally unlimited 
vaste absorption capacity. 


his perception has changed. Canadians, like people in 
any other countries, have come to understand that the ca- 
acities of their environment to supply materials and absorb 
/astes are finite. They now recognize that these capacities 
lust be respected and safeguarded if future generations 
re to enjoy the same level of environmental benefits that 
/e enjoy today. Equally important, Canadians today realize 
vat the environment has value beyond its direct use by hu- 
vans. Preserving wildlife habitat, for example, has become 
primary motivation for calls to protect the environment. 


his growing environmental awareness has led to demands 
or new kinds of information. Beyond traditional measures 
f economic activity, Canadians are now asking for meas- 
res highlighting the relationship between the economy and 
1e environment. In response to this demand, the Govern- 
vent of Canada—under the auspices of Canada’s Green 
-/an (Government of Canada, 1990)—asked Statistics Can- 
da in 1991 to initiate development of a system of 
nvironmental and resource accounts that would quantify 
1e links between the environment and the economy. The 
ew Canadian System of Environmental and Resource 
.ccounts (CSERA) described in this volume is the result of 
lis initiative. 

[though the notion of quantifying and valuing the environ- 
1ent is not new-—discussions and theories have been 
round for at least 60 years—only since the early 1970s has 
ere been a concerted effort by national statistical organi- 
ations toward the development of formalized systems for 
lis purpose. The Canadian initiative to develop environ- 
ental and resource accounts had its origins with explora- 
yry work carried out during the late 1970s and early 1980s 
-riend and Rapport, 1979; Friend, 1981). At that time, data 
spresenting the interactions between human activity and 
1e environment were recorded using the Stress-Response 
nvironmental Statistical System. This framework had as 
3 focus the physical measurement of the environments re- 
oonse to various human stresses. Although useful as a 
ieans of organizing physical data, the framework did not 
ttempt to incorporate monetary data or to provide links to 
1e economic variables most often employed in policy de- 
slopment; namely, the variables of the Canadian System 
f National Accounts (CSNA). | 


Building on this early work, the CSERA has been developed 
with the specific objective of organising physical and mone- 
tary statistics related to natural resources and the environ- 
ment using classifications, concepts and methods that are 
compatible with those of the CSNA. Thus, the statistics of 
the CSERA can.in large part be directly integrated with 
those of the CSNA. The integration of these two data sets— 
one environmental, the other economic-represents a signif- 
icant milestone in Statistics Canada’s capacity to assess 
economic activity and its dependence upon the natural en- 
vironment. This new capacity is particularly relevant today, 
given the increasing focus of governments, businesses and 
individual Canadians on the objectives of sustainable devel- 
opment. 


Although well established both conceptually and empirical- 
ly, the CSERA remains a work-in-progress. The current 
scope of the system represents only a portion of what a 
complete set of environmental and resource accounts for 
Canada would cover. The present volume thus outlines not 
only what has been accomplished to date in the develop- 
ment of the system, but also the work that remains for the 
future. Rather than being viewed as the final word on the 
development of the CSERA then, this volume should be 
seen as a “snapshot” of the state of its development as of 
the autumn of 1997. The system will continue to evolve in 
step with our understanding of the interaction between the 
economy and the environment; this volume will be periodi- 
cally updated to reflect this evolution. 


Organization of this volume 


Divided into five chapters, the present volume describes the 
concepts, data sources and methods used to date in the de- 
velopment of the CSERA. 


The introductory chapter is intended to provide those read- 
ers wishing to familiarize themselves with the CSERA, but 
without the time to read this volume in its entirety, with an 
overview of the system and some the most important under- 
lying concepts. The chapter begins with a brief introduction 
to the system, followed by a discussion of the relationship 
between environmental and resource accounts and nation- 
al accounts in general. More detailed presentations of each 
of the three principle components of the CSERA are given 
next. These are followed by an examination of the economic 
interpretations of sustainable development and their impli- 
cations for the system. The chapter ends with a discussion 
of future directions for the CSERA. 


Chapter 2 presents brief descriptions of some of the major 
environmental and resource accounting initiatives under- 
way in other industrialized countries. 


Chapters 3 through 5 are devoted in turn to detailed de- 
scriptions of the three principal components of the CSERA: 


1. The CSNA, which has a history of more than 40 years, is the source of a 
number of Statistics Canada’s most important indicators of economic 
activity, including Gross Domestic Product. Readers unfamiliar with this 
system are referred to A User Guide to the Canadian System of National 
Accounts (Statistics Canada, 1989b) for an overview. 


anadian System of Environmental and Resource Accounts 


Statistics Canada - Catalogue no. 16-505-GPE ~ 


Preface 


Econnections 


° the Natural Resource Stock Accounts (Chapter 3); 


* the Material and Energy Flow Accounts (Chapter 4); 
and 


¢ the Environmental Protection Expenditure Accounts 
(Chapter 5). 


A detailed reading list is included at the end of the volume 
for those wishing to delve more deeply into the literature on 
environmental and resource accounting. A glossary of key 
terms and abbreviations is also provided to aid readers un- 
familiar with the language used in the field. 


About Econnections 


The series title under which this volume is published, Econ- 
nections: Linking the Environment and the Economy, is new 
for Statistics Canada. It has been coined for a suite of sta- 
tistical products that will elaborate the connections (or link- 
ages) between economic activity and the natural 
environment. This elaboration will be achieved by means of 
a wide variety of physical and monetary statistics, both de- 
tailed and summary, that will be made available to Canadi- 
ans in print and electronic formats. These statistics will be 
offered in the guise of a number of products, focusing on an 
annual publication of summary environment-economy indi- 
cators accompanied by a CD-ROM database containing de- 
tailed statistical times series.' Many of the indicators and 
statistics presented in this annual publication/database are 
derived from the CSERA, as will be explained in detail in the 
pages that follow. 


The Econnections logo appearing on the cover of this vol- 
ume has been conceived to convey the notion that the 
economy is inextricably tied to the natural environment; that 
the environment is the physical foundation upon which the 
economy rests. All Statistics Canada products that fall with- 
in the Econnections series will bear this logo to identify them 
as offering statistical information relevant to understanding 
the linkages between the economy and the environment. 


1. The first edition of the Econnections indicators publication/database is 
available under the volume title /ndicators and Detailed Statistics 1997 
(Statistics Canada, Catalogue No. 16-200-XKE). 
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1 Introduction and 
Overview 


Introduction 


-omprising three major components, the Canadian Sys- 
em of Environmental and Resource Accounts (CSERA) 
epresenis a comprehensive framework for linking the 
-conomy and the environment through physical and mone- 
ary Statistics. The three components of the framework are 
troduced below; more detailed descriptions of each com- 
onent are presented in Section 1.2. 


e The Natural Resource Stock Accounts measure 

_ quantities of natural resource stocks and the annual 
changes in these stocks due to natural and human 
processes. These accounts, which are recorded using 
both physical and monetary units, form the basis of the 
estimates of Canada’s natural resource wealth that are 
included in the Canadian National Balance Sheet Ac- 
counts. Chapter 3 of this volume is devoted to a de- 
tailed presentation of the accounting concepts, data 
sources and methods used in compiling the Natural 
Resource Stock Accounts. 


¢ The Material and Energy Flow Accounts record, in 
physical terms only, the flows of materials and energy— 
in the form of natural resources and wastes—between 
the economy and the environment. The Material and 
Energy Flow Accounts are linked directly with the In- 
put-Output Accounts. This linkage allows the calcula- 
tion of important indicators of the resource and waste 
intensiveness of economic activity. Chapter 4 is devot- 
ed to a detailed presentation of concepts, sources and 
methods used in the Material and Energy Flow Ac- 
counts. 


e Finally, the Environmental Protection Expenditure 
Accounts identify current and capital expenditures by 
business, government and households for the purpose 
of protecting the environment. These accounts meas- 
ure both the financial burden associated with environ- 
mental protection, plus the contribution of 
environmental protection to economic activity from a 
demand-side perspective. Chapter 5 presents the con- 
cepts, sources and methods used in the compilation of 
the Environmental Protection Expenditure Accounts. 


Ye structure of the CSERA and the relationships of its 
ymponents to the Canadian System of National Ac- 
yunts (CSNA) are illustrated in Figure 1.1. It can be seen 
ym this figure that several components of the CSERA ac- 
ally fit within the framework of the standard national ac- 
yunts. The Environmental Protection Expenditure 
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Accounts in particular (row 4 in Figure 1.1) are simply a de- 
composition of the existing current and capital accounts for 
businesses, households and governments to explicitly 
show expenditures for environmental protection. Similarly, 
the Natural Resource Stock Accounts when measured in 
value terms (column D) are an extension of the current Ca- 
nadian National Balance Sheet Accounts to include the val- 
ues of some of the natural resource assets provided by the 
environment. The remaining components of the CSERA fall 
outside of the standard framework because they are not 
measured in value terms and/or because they measure 
flows that take place outside of the boundary of marketplace 
activity that defines the scope of the national accounts. 


Much of the statistical information in the CSERA is meas- 
ured in physical units rather than, or as well as, in monetary 
terms. In most cases, physical measurement of stocks and 
flows is a necessary first step even if the ultimate objective 
is to measure monetary values. The measurement of phys- 
ical stocks and flows is also more objective and less contro- 
versial. Still, the assignment of monetary values to natural 
resource assets is desirable, as it facilitates the aggregation 
and comparison of diverse asset types. Considerable effort 
is given to estimating monetary values for natural resource 
assets in the CSERA. The many conceptual and practical 
issues associated with the valuation of natural resources 
are covered in detail in Chapter 3 of this volume. 


Before continuing with a more detailed presentation of the 
CSERA and its component accounts in Section 1.2, a gen- 
eral discussion of environmental and resource accounts 
and their relationship to the standard national accounts is in 
order. 


1.1 Environmental and resource 


accounts 


Environmental and resource accounts can be defined as 
any systematic compilation of stock, flow or state statistics 
relating to the environment or to natural resources. To qual- 
ify as accounts, these compilations must adhere to prede- 
fined principles that specify: 


* what is, and what is not, to be measured; 

* what units of measure are to be used; 

¢ how often measurement is to be undertaken; 
¢ the geographic scope for measurement; and 


¢ the format in which results are presented. 


Taken together, the above elements define what may be 
called an accounting framework. Although environmental 
and resource accounts can be compiled according to any 
suitable framework, it is often the case that they use that of 
the national accounts. This framework is chosen, in part, so 
that the statistics of the environmental and resource ac- 
counts may be directly linked with those of the national ac- 
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Figure 1.1 


The Canadian System of Environmental and Resource Accounts within the National Accounts 
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industries Final demand categories 


— 


Industrial output of goods 
and services 


Industrial intermediate 
demand 


Final 
demand 


Household and government 
current expenditures for 
environmental protection 


Industrial operating 
expenditures for — 
environmental protection 


Resource production by 
households and 
governments 


Resource production by 
industries 


Resource use b 
households an 
governments 


Resource use by 
industries 


Waste consumption by 


Waste consumption by households and 


industries governments 
Waste 
apse output by 
put by households and 


industries 


governments 


C. D. E: 


Assets 


Financial and produced 
assets, 
opening balance 


Natural resource assets, Natural resource assets, 
opening balance opening balance 


Gross fixed capital formation 


Industrial and government 
capital expenditures for 
environmenial 
protection 


Other changes in volume and 
holding gains (losses) 
on financial and produced 
assets 


Changes in and holding 
gains/losses on natural 
resource assets 


Changes in 
natural resource assets 


FB baed at roduced Natural resource assets, Natural resource assets, 
closing balance closing balance closing balance 


Unshaded boxes represent the core accounts of the standard Canadian System of National Accounts. Shaded boxes are the components of the CSERA. Solid borders indicate measuremer 
in value units; hollow borders indicate measurement in physical units. 


counts.! This linkage enhances the usefulness of both data was the Canadian economist Anthony Scott (1956), wh 


sets. 


wrote: 


The development of environmental and resource accounts 


joined to the national accounting framework has burgeoned 
during the past decade. Yet the idea of linking environmen- 
tal and economic data through this framework is not new. 
Indeed, recognition of the need for this type of accounting 


Because the total [wealth associated with] re- 
sources can be so important, there is reason to ar- 
gue not only that totals of national wealth should 
give considerable attention to the extent of natural 


extends back at least as far as the 1950s. An early advocate wealth, but also that the pas anal SCE S should 
annually show changes in this total (emphasis in 
the original). 
1. Although the national accounts of every country have their own unique 
characteristics, many elements are common to the accounts of all nations. A decade or more later, coincident with the first world-wid 
Thus, one can speak in general terms of “the national accounting frame- wave of environmental concern, a number of academi 


work,” even though there is more than one such framework in use around 
the world. 
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environmental data into input-output accounts! (Cumber- 
land, 1966; Daly, 1968; Isard, 1969: Ayres and Kneese, 
1969; Leontief, 1970; and Victor, 1972). Several robust con- 
ceptual frameworks, as well as some empirical results, 
were presented at the time. It was not until later in the 
1970s, however, that national statistical offices began the 
formal development of environmental and resource ac- 
counts. Norway (Alfsen et a/., 1987) and France (Weber, 
1983) were the first to initiate such development, beginning 
their accounts in the mid to late 1970s. There was little for- 
mal activity on this front by other statistical organizations 
until the following decade. 


The 1980s saw tremendous growth in the attention paid to 
integrating environmental and economic concerns in deci- 
sion making. The highly influential World Commission on 
Environment and Development (the so-called Brundtland 
Commission) recognized the need for integrated environ- 
mental and economic accounting in 1987 with its call for “an 
annual report and audit on changes in environmental quality 
and in the stock of the nation’s environmental resource as- 
sets.” Such reporting, the Commission noted, is “essential 
to obtain an accurate picture of the true health and wealth 
of the national economy, and to assess progress towards 
sustainable development” (World Commission on Environ- 
ment and Development, 1987; p. 314). 


About the same time that the Brundtland Commission re- 
leased its report, a number of other influential studies calling 
for the need to integrate environmental considerations into 
the national accounts appeared (Ahmad et al., 1989; Daly 
and Cobb, 1989; and Repetto et a/., 1989 for example). By 
this time, many countries, including Canada, had begun to 
follow in the footsteps of France and Norway, formulating 
and implementing their own environmental and resource 
accounting frameworks. 


The flurry of activity during the 1980s and first half of the 
1990s has led to the situation where today many industrial- 
zed countries, and a growing number of developing na- 
tions, can claim a well-established set of environmental and 
resource accounts. Most, if not all, of these are linked to 
some extent with the national accounts of their respective 
sountries.* In Canada’s case, conceptual work in the field 
oegan in the early 1980s (Friend and Rapport, 1979; Friend, 
1981), with formal development of the accounts beginning 
n 1992. 


Why a national accounting approach? 


The focus on the national accounting framework in the de- 
velopment of environmental and resource accounts can be 
2xplained by a number of factors. 


e The national accounting framework is well-estab- 
lished, having a history of more than 40 years of imple- 


1. Input-output accounts are a component of the national accounts in many 
countries. For more details, see Statistics Canada (1987) and Miller and 
Blair (1985). 

2. Chapter 2 presents brief overviews of several environmental and resource 
accounting initiatives in the world today. 


mentation around the world. Almost every nation 
compiles a set of accounts that follow this framework, 
if not in its entirety, at least in its major outline. This 
lends to the national accounts the appeal of a ready- 
made and internationally comparable information sys- 
tem with which to link environmental statistics. 


¢ The national accounts are a very influential source of 
economic information. What is arguably the most 
widely quoted and used economic indicator available, 
the Gross Domestic Product, is a product of the na- 
tional accounts. Other important indicators derive from 
the accounts as well; measures of wealth and indebt- 
edness, savings rates, and labour productivity for ex- 
ample. These indicators are regularly used in the 
development of economic policy in both the public and 
private sectors. Environmental information linked with 
the national accounts can, therefore, be quickly and 
easily integrated into existing economic decision-mak- 
ing processes. This increases the likelihood that envi- 
ronmental information will be considered in such 
processes. 


Perhaps the most important reason why the develop- 
ment of environmental and resource accounts has re- 
volved around the framework of the national accounts 
is the desire by statistical agencies to address long- 
standing environmental criticisms of the national ac- 
counts. These criticisms are well-known, having been 
exceptionally well documented in the literature, and do 
not require extensive reiteration here.® Briefly, they in- 
clude neglecting to measure the contribution of the en- 
vironment to national wealth; treating the receipts from 
the depletion of natural resources as current income 
rather than capital depletion; measuring the benefits of 
the use of the environment but not the costs; and in- 
cluding expenditures to protect the environment as 
part of gross production. Many of these criticisms are 
controversial and not all are accepted as legitimate by 
all parties to the debate. Nevertheless, most countries 
have attempted to address one or more of them in 
their environmental and resource accounts. 


An important outcome of the activity in the field of environ- 
mental and resource accounting in recent years has been 
the integration of environmental considerations into the lat- 
est international guidelines for the development of national 
accounts. These changes are described next. 


1.1.1 The System of National Accounts 
1993 and the environment 


The internationally accepted set of guidelines for the prep- 
aration of national accounts is The System of National Ac- 
counts 1993 (Commission of the European Communities 
et al., 1993).* This substantial work represents the efforts of 


3. Daly and Cobb (1989) provide an excellent overview of these criticisms. 
4. Hereafter this work is abbreviated as the SNAQ3. 


Canadian System of Environmental and Resource Accounts 
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five international economic organizations to define the 
scope of the national accounts and provide guidance on the 
concepts and methods that should be used in their compi- 
lation. 


For the first time since such international guidelines have 
been published, ! the SNAQ3 explicitly discusses the incor- 
poration of environmental information into the national ac- 
counts. In fact, two sets of environment-related guidelines 
are presented. The first set deals with the incorporation of 
natural resource assets into balance sheet accounts. The 
second set, which is more far-reaching, describes the de- 
velopment of a “satellite system for integrated environmen- 
tal and economic accounting.” Each of these advances is 
discussed below. 


Natural resources and the national balance 
sheet 


National balance sheet accounts are statements, drawn up 
for the end of the calendar year, of the values of financial 
and non-financial assets owned by the economic agents of 
a country and of the net financial liabilities against those 
same agents. Such accounts are normally drawn up for 
broad sectors of the economy (businesses, persons, gov- 
ernments and non-residents). They show the economic sta- 
tus of each sector; that is, the financial and tangible assets 
at its disposal. For the economy as a whole, the national 
balance sheet presents an aggregate measure known as 
national wealth—the sum of the values of the non-financial 
assets held by all domestic sectors of the economy.° 


National wealth is an important economic indicator. It repre- 
sents the value of the economic resources (or capital) from 
which the nation derives its future income. Exclusion of nat- 
ural resource assets from balance sheet accounts, as has 
been standard practice to date in all countries, understates 
this income-generating capacity. While the value of the ma- 
chinery and equipment used, for example, in timber har- 
vesting has been included on national balance sheets, the 
value of timber resources themselves has not.° This asym- 
metry cannot be justified on economic grounds, as both 
types of assets, “produced” and “natural,” represent capital 
from which the nation can generate future income. Ignoring 
natural capital means ignoring a portion of the income-gen- 
erating potential of the nation. 


ale 


. Previous editions of the SNA guidelines were dated 1953 (United Nations, 
1952) and 1968 (United Nations, 1968). International interest in coordinat- 
ing the economic accounting of nations began much earlier however, dat- 
ing back to at least 1928. 

2. A related indicator, national net worth, is defined as national wealth less 
net financial claims by non-residents on the domestic sectors of the econ- 
omy. Financial assets and liabilities of the domestic sectors do not factor 
into net national worth, as the financial claims of one domestic sector 
against another cancel out in the summation of assets and liabilities for the 
economy as a whole. ‘ 

3. Historically, land has been the only resource included in national balance 

sheet accounts. In Canada, the value of agricultural land and land under 

residential and commercial buildings has been included in the Canadian 

National Balance Sheet Accounts since their inception. 


4 Statistics Canada - Catalogue no. 16-505-GPE _ 


Exclusion of natural resources from national balance sheets 
leads to the situation in which the national accounts show 
no change when resources are depleted or degraded. 
Thus, a nation could, in theory, deplete its natural resource 
base entirely—losing the associated income-earning poten- 
tial in the process (not to mention the loss of environmental 
heritage)—without a parallel loss appearing in its economic 
accounts. Clearly, the national accounts do not provide ap- 
propriate economic signals when such a loss is allowed to 
go unmeasured. 


The previous version of the SNA guidelines, published in 
1968, “did not include much guidance on...balance 
sheets...and consequently provided little information” on the 
assets that should be covered by balance sheet accounts. 
Although the 1968 SNA “included in principle natural assets 
in its asset boundary,” it did not do so in a “systematic man- 
ner’ (Commission of the European Communities et al., 
1993; p. 532). This lack of systematic guidance explains, in 
part, why natural resource assets have not been included in 
national balance sheet accounts in the past. 


The SNAQ3 has corrected this weakness by providing ex- 
plicit guidance as to the natural resource assets that should 
be included in balance sheet accounts and how these as- 
sets should be valued. The conditions under which resourc- 
es are rightly considered economic assets and, therefore, 
included on balance sheet accounts are clearly stated: 


Naturally occurring assets over which ownership 
rights have been established and are effectively 
enforced...qualify as economic assets and [are to] 
be recorded in balance sheets. [Such assets] do 
not necessarily have to be owned by individual 
units, and may be owned collectively by groups of 
units or by governments on behalf of entire com- 
munities...In order to comply with the general defi- 
nition of an economic asset, natural assets must 
not only be owned but be capable of bringing eco- 
nomic benefits to their owners, given the technolo- 
gy, scientific knowledge, economic infrastructure, 
available resources and set of relative prices pre- 
vailing on the dates to which the balance sheet re- 
lates or expected in the near future (op. cit.; p. 
219). 


The SNAQ3 recognizes four broad categories of natural re- 
sources (formally, “tangible non-produced assets”) that 
generally meet the above criteria: land, subsoil assets, 
“non-cultivated biological resources” (timber and wildlife) 
and water. 


Statistics Canada, along with statistical offices in many oth- 
er nations, is complying with the SNA93’s recommenda- 
tions respecting natural resources and balance sheet 
accounts. Beginning in 1997, estimates of natural resource 
asset values for subsoil assets (fossil fuels, metals, and pot- 
ash) and timber will be included in the Canadian National 
Balance Sheet Accounts. At a later date, the estimates of 
land value already included on the balance sheet will be im- 
proved and extended to include other types of land (forest- 
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jand and parkland for example). Biological resources (other 
than timber) and water will also be included on the balance 
sheet in the future, once suitable data sources and valua- 
ion methods are found. 


The conceptual and empirical issues surrounding the valu- 
ation of Canada’s natural resource stocks and the inclusion 
of these values on the national balance sheet are discussed 
in detail in Chapter 3 of this volume. 


System for Integrated Environmental and 
Economic Accounting 


The second set of environment-related guidelines in the 
SNA93 concerns the development of a “satellite system for 
ntegrated environmental and economic accounting” (op. 
cit; Chapter XXI).! A full description of this very elaborate 
system (which is referred to by the acronym “SEEA’) is be- 
yond the scope of the present work. Its major objectives can 
oe noted briefly however. 


¢ The first major objective of the SEEA is reorganization 
of the standard SNA framework to better serve envi- 
ronmental analysis. One purpose of this reorganiza- 
tion is to make explicit the expenditures on 
environmental protection activities that prevent and 
mitigate environmental deterioration or restore the en- 
vironment. A second purpose is to present in detail the 
values of natural resource asset stocks and the annual 
changes in the volume of these stocks (United Na- 
tions, 1993; p. 26). The latter is closely related to the 
SNAQ3’s recommendation to include natural resource 
asset values in national balance sheet accounts. 


¢ The SEEA’s second major objective is the description 
of the interaction between the economy and the envi- 
ronment in physical terms. There is a strong emphasis 
in this component on the use of input-output account- 
ing techniques to link physical data on resource use 
and waste production to economic data from the 
standard national accounts. 


¢ The final major objective of the SEEA is the calculation 
of an environmentally-adjusted measure of Net Do- 
mestic Product. This is essentially the traditional Net 
Domestic Product aggregate of the national accounts 
adjusted for depletion of natural resources and degra- 
dation of the environment. 


As will be seen in Section 1.2, the System of Environmental 
and Resource Accounts developed by Statistics Canada 
ears many similarities to the SEEA. The major difference 
s found in the SEEA’s call for the calculation of an environ- 
mentally-adjusted net domestic product. Statistics Canada 
will not-at least not in the initial conception of the CSERA-— 
redefine or supplement existing national accounts aggre- 
yates such as Gross or Net Domestic Product. Neverthe- 


_In fact, the SNAQ3 discussion of satellite environmental and resource 
accounting is a summary of a more complete United Nations handbook on 
integrated environmental and economic accounting (United Nations, 


1993). 


— 


less, the CSERA will provide much of the information 
necessary for those who may wish to calculate such “green 
aggregates.” On this subject, Statistics Canada’s view is 
that it will take further data development, research and pro- 
fessional discussion before credible aggregates of this kind 
are possible.? 


1.2 Overview of the CSERA 


1.2.1 Natural Resource Stock Accounts 


The Natural Resource Stock Accounts (NRSA) (columns 
D and E in Figure 1.1) present annual monetary and physi- 
cal estimates for stocks of the following natural resources: 


e subsoil assets; 
e timber; and 
° land.? 


The time series of statistics presented in the NRSA varies 
depending upon the resource in question and whether the 
accounts are presented in physical or monetary units. Many 
of the physical accounts begin in 1961; time series of value 
estimates generally begin in the mid-1970s. 


The geographic scope of the NRSA is, in the main, national 
and provincial/territorial. The one exception to this rule is 
the Land Account, which presents data for additional, more 
detailed spatial units. 


As mentioned above, when measured in value terms, the 
NRSA represent an addition to the existing Canadian Na- 
tional Balance Sheet Accounts (column C in Figure 1.1). 
This addition of natural resource assets to the balance 
sheet recognizes the fact that these resources, although 
provided freely by nature, contribute significantly to Cana- 
da’s income-generating potential; that is, they are a form of 
capital that represents an important part of our national 
wealth. As discussed in Section 1.1, this recognition of nat- 
ural resource assets as wealth is in accord with the recom- 
mendations of the SNAQ3. 


Each of the components of the NRSA is described in more 
detail below. 


Subsoil Asset Accounts 


The Subsoil Asset Accounts record annual physical and 
monetary estimates for Canada’s “economically recovera- 
ble” reserves of: 


° crude oil; 


e natural gas and its by-products (natural gas liquids 
and sulphur); 


2. For a similar view, see Australian Bureau of Statistics (1993). 
3. As described below, other natural resources have yet to be included in the 
NRSA. 
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* crude bitumen (or tar sands); 
* lignite, subbituminous and bituminous coal; 


* metals (copper, nickel, zinc, lead, gold, silver, molyb- 
denum, iron and uranium); and 


¢ potash. 


Economically recoverable reserves are those that can be 
recovered under current technological and economic condi- 
tions. They are known with sufficient certainty to be consid- 
ered economic assets in the SNAQ93 sense (see page 4) 
and, therefore, qualify for inclusion in the National Balance 
Sheet Accounts. 


Beyond economically recoverable reserves, the Subsoil As- 
set Accounts also show supplementary, point-in-time phys- 
ical estimates for Canada’s total resource base. Currently, 
these estimates are limited to energy resources for the year 
1992.' They supplement the estimates of economically re- 
coverable reserves with judgments of reserves thought to 
be recoverable but not yet proven to exist. This broader 
physical assessment of reserves is included because the 
annual physical and monetary accounts measure only a 
(sometimes very small) fraction of total reserves. The esti- 
mates of the total resource base present a more complete 
picture of the resources available to Canada in the long run 
(Born, 1997). 


The Subsoil Asset Accounts take the form of reconciliation 
accounts. That is, they show estimates for opening and 
closing stocks in each year plus the volume changes that 
occurred during the year. Volume changes resulting from 
new discoveries, reserve development, changes in extrac- 
tion technology, revisions in reserve estimates, and extrac- 
tion are recorded in both the physical and monetary 
accounts. The monetary accounts also include estimates of 
changes in stock volumes resulting from revaluations 
caused by changes in resource prices. 


In the case of metal resources, the resource classification 
used in the physical account is distinct from that used in the 
monetary account. While the physical accounts record re- 
serve quantities for each of the metals listed above, the 
monetary accounts record reserve values by mine type. 
The classification of mine types used in the monetary ac- 
counts is identical to the classification of mining industries 
in the Standard Industrial Classification (Statistics Canada, 
1980): 


¢ gold; 
* copper and copper-zinc; 


* nickel-copper; 


1. The total resource base estimates for, energy are very large and are sub- 
ject to a high degree of uncertainty. For this reason, they are not updated 
each year, but are presented as “snapshot” estimates instead. The data 
required to show similar estimates for assets other than energy resources 
do not exist at this time. 


¢ silver-lead-zinc; 
¢ molybdenum; 
¢ uranium; and 

e iron. 


Classification by mine type rather than metal in the mone- 
tary accounts precludes arbitrary decisions regarding the 
share of mine development and exploitation costs attributa- 
ble to each metal in polymetallic mines.° 


Timber Asset Accounts 


The Timber Asset Accounts comprise two accounts, one 
physical and the other monetary, describing Canada’s for- 
est resources. The accounts currently focus on the use of 
the forest for timber supply only. Other uses of the forest- 
for recreation or wildlife habitat for example—have not yet 
been considered. Timber supply has been chosen as the in- 
itial orientation of the account since this is the principal eco- 
nomic use of the forest in Canada.° 


In Canada, timber productivity and accessibility limit the 
portion of the forest that provides economic benefit; that is, 
they limit the portion that can be considered an economic 
asset. For this reason, only Canada’s accessible, timber- 
productive, nonreserved forestland is represented in the 
Timber Asset Accounts. This is the part of Canada's forest- 
land where commercial timber production is viable. The re- 
mainder is: 


° muskeg, rock, barrens, marshes or meadows withir 
the forestland area; 


¢ other lands that are incapable of producing merchant: 
able timber stands within a reasonable length of time; 


¢ forestland that is presently not stocked with trees; or 


¢ forestland that is reserved for uses other than timbel 
production (parks for example). 


Like the Subsoil Asset Accounts, the Physical Timber As 
set Account is presented as a reconciliation account. | 
provides annual opening and closing estimates of standing 
timber stocks and timber-productive land area, plus the 
changes in the volume of these stocks due to harvesting 
and natural events. The Monetary Timber Asset Account 
in contrast, presents only annual value estimates for stand 
ing timber stocks. It does not currently include value esti 
mates corresponding to the annual volume changes showr 
in the physical account. Estimating the value of each com 
ponent of the annual change in physical timber stocks is no 
possible given current data sources and valuation methods. 


2. A polymetallic mine is one at which more than one metal is mined. 

3. Extension of the Timber Asset Accounts to include physical and monetar' 
statistics for forestland uses other than timber production will be under 
taken in the future. Estimates of stocks and values of parkland will be a pri 
mary focus of this development. 
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30th the physical and monetary timber asset accounts 
resent time series beginning in 1961 at the national and 
rovincial/territorial levels. ' 


[he Physical Timber Asset Account is based on forest re- 
source inventories produced by provincial and territorial for- 
2st departments/ministries. These inventories often use 
lifferent land bases from one period to the next. As a result, 
Onsistent timber stock data are not available as an annual 
ime series in Canada. To overcome this lack of data, the 
stock/flow time series of the Physical Timber Asset Account 
Ss estimated using a simulation model. Beginning with data 
rom Canada’s Forest Inventory 1991 (Lowe, Power and 
aray, 1994), this model simulates the impact of growth, har- 
festing, natural loss and other changes to timber stocks. 
[he model generates the required time series of physical 
stock estimates for Canada’s timber-productive forestland, 
eginning in 1961. 


[he Monetary Timber Asset Account presents annual value 
2stimates of the standing timber on Canada’s timber-pro- 
juctive forestland. These estimates are based on the 
resent value of an assumed stream of future income (or re- 
source rent) realizable from the exploitation of timber re- 
sources. Following the recommendations of the SNAQ3, the 
imber value estimates calculated in the Monetary Timber 
\sset Account are included in the National Balance Sheet 
Accounts as part of Canada’s natural resource wealth. 


_and Account 


Jntil now, information on Canada’s land resources has 
een scarce at the national level. Moreover, the available 
nformation has often been outdated and highly general- 
zed. The Land Account component of the NRSA provides 
mproved information to describe this resource. 


\lthough not harvestable like subsoil assets or timber, land 
s a key input into many economic activities. A number of 
inique attributes set land apart from these other resources 
1owever. To begin with, the total stock of land in Canada is 
ixed for all intents and purposes. Thus, a reduction in the 
stock of one type of land (agricultural land perhaps) requires 
in equivalent, offsetting increase in the stock of another 
ype of land (urban land for example). Land potential, in 
erms of its usefulness in particular applications, also varies 
remendously from one location to another. Land suitability 
or farming, for example, can differ from field to field. The 
ise to which a particular parcel of land is put thus depends 
fery much on where it is located. 


3iven the unique attributes of land, the Land Account itself 
liffers in a number of ways from the two components of the 
NRSA just described. 


Fo begin with, the Land Account is not represented as an 
annual time series of stock estimates. Although certain 
‘haracteristics of land (such as vegetative cover) can and 
Jo change over time, significant changes do not usually oc- 


. The Physical Timber Asset Account currently excludes Prince Edward 
Island, Manitoba and the Northwest Territories. A lack of suitable data for 
these regions precludes their inclusion in the account. 


Yanadian System of Environmental and Resource Accounts 


cur over the span of a single year. They take place instead 
over several years or even decades. For this reason, the 
Land Account is not represented as an annual time series 
of stock estimates, but is updated on a multi-year cycle in- 
stead. Some components of the account are updated every 
two to three years (land cover for example); major revisions 
are made every five years following the release of new in- 
formation from the censuses of population and agriculture. 


The Land Account further differs from the subsoil and timber 
asset accounts in that it is not represented as a series of 
provincial and national reconciliation accounts. Reconcilia- 
tion accounts are suitable only for resources that are de- 
pletable; that is, resources for which the total stock can be 
reduced (or augmented) from one period to the next. This is 
not the case for land. As noted above, for all intents and pur- 
poses, the total stock of land in Canada is fixed and a reduc- 
tion in one type of land implies an increase in another type. 
Thus, changes in land stocks are best represented in a two- 
dimensional transition matrix showing the flows between 
stock categories. At this time, the data required to develop 
such a transition matrix for land are not available in Canada. 
The Land Account thus presents only beginning-of-period 
stock estimates by land category, without showing the flows 
that contribute to the changes in these stocks during each 
period. 


The final distinctive feature of the Land Account is its use of 
a detailed spatial framework. Whereas the other resource 
stock accounts are compiled only at the national and provin- 
cial/ territorial levels, the importance of location in determin- 
ing the characteristics of land resources demands that the 
Land Account be compiled using much smaller spatial units. 
The spatial framework used in the Land Account is formed 
from the amalgamation of ecological, political and statistical 
regions. 


Given the above considerations, the Land Account is con- 
ceived as a large, spatially-referenced database of land sta- 
tistics compiled into five layers. 


¢ A spatial framework forms the physical foundation, 
and first layer, of the Land Account. This foundation 
provides the structure for the remaining four layers of 
the account. The foundation is constructed from the 
union of a detailed digital map of provincial/territorial 
boundaries with digital maps of ecological units known 
as ecoregions and statistical regions known as census 
enumeration areas. The union of these three elements 
into a single spatial framework for the Land Account, 
comprising over 5600 separate units, is accomplished 
using Geographic Information System technology. 


e A land cover layer describes the physical nature of 
land for each spatial unit defined in the physical foun- 
dation. The land-cover classes employed in the ac- 
count are coniferous, broadleaved or mixed/ 
transitional forest; tundra; sparsely vegetated or bar- 
ren land; cropland, rangeland and pasture; perennial 
snow and ice; built-up area; open water and sea ice. 
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* A land use layer describes how land in each spatial 
unit is used for business activities, non-commercial hu- 
man activities and ecological purposes. The land-use 
classes employed in the account are urban, rural, agri- 
cultural, forest, transportation, utilities and “other”. 


¢ A land potential layer describes the biophysical prop- 
erties of the land in each spatial unit in terms of cli- 
mate, geology, topography and soil characteristics. 
Land potential is determined by characteristics that 
are, for all intents and purposes, fixed over time. Thus, 
this layer of the account is not updated each decade. 


Finally a land value layer presents estimates of land 
value by spatial unit. The Land Account extends the 
land value estimates (for agricultural, residential and 
commercial land) that are already included in the Na- 
tional Balance Sheet Accounts.! This includes esti- 
mating values for forestland and parkland, and 
improving the existing estimates for agricultural land. 
Along with estimates of land values in market uses, 
the Land Account also includes measures of non-mar- 
ket direct-use values, indirect-use values, and non hu- 
man-use values. 


As with the other resource stock accounts, the time series 
of data presented in the Land Account varies significantly 
depending upon the land resource category in question. 
Thanks to Statistics Canada’s long-standing program of col- 
lecting agricultural statistics, estimates of agricultural land 
use are available back to 1901. Estimates of land used for 
other purposes begin in 1971. Detailed estimates of land 
cover for the entire country currently exist only for 1991. 


Other resources 


The development of stock accounts for other natural re- 
sources has not progressed as far as that for subsoil assets, 
timber and land. This is mainly due to a lack of suitable data. 
In particular, although considerable effort has been devoted 
to investigating the data sources for a physical account of 
marine resource stocks, this effort has met with relatively lit- 
tle success. Pelagic (or finned) fish and shellfish stocks are 
estimated by officials only when there appears to be a prob- 
lem with a localized fishery, and then only for the species of 
concern. Thus, there exist no annual estimates of stock by 
species for each fishery in the country and, therefore, no 
data from which an aggregate fish stock account could be 
compiled (Austin, 1996). 


The situation is somewhat better for terrestrial animals that 
are of importance as game or for fur production. Population 
data of the sort that could be used to develop a stock ac- 
count are often estimated for game species on the basis of 
reported hunting successes. Likewise, stocks of fur-bearing 
animals are estimated on the basis of number of pelts har- 


1. The land value layer of the Land Account currently exists in concept only; 
data development is still at the pilot stage. Eventually, the market-based 
land value estimates from the Land Account will be incorporated into the 
National Balance Sheet Accounts. These estimates will therefore be 
updated on an annual basis. 


vested in a season. The use of these data to develop stoct 
accounts for wildlife species is still being investigated. 


1.2.2 Material and Energy Flow 
Accounts 


Flows of produced goods and services are well articulatec 
in monetary terms in the existing national accounts. The In 
put-Output Accounts (cells 2A, 3A, 3B and 3C of Figure 1.1 
provide annual estimates of the production and consump 
tion of 485 commodities by 161 industries and 136 catego 
ries of final demand. The Material and Energy Flow 
Accounts (MEFA) build on this substantial detail by incor 
porating physical estimates of natural resource and waste 
flows into the accounting framework of the Input-Output Ac 
counts. 


The MEFA (cells 5A, 5B, 6A and 6B in Figure 1.1) record ir 
detail the annual flows of materials and energy-—in the forn 
of natural resources and wastes—between the Canadiar 
economy and the environment. Estimates are made fo 
each of the 161 industries represented in the Input-Outpu 
Accounts, and for an array of household and governmen 
activities. The accounts record the quantities of natural re 
sources produced (that is, harvested or extracted) by indus 
tries, households and governments, and show how these 
resources are consumed by these same agents. Likewise 
for wastes, the accounts show the quantities produced by 
each agent and how these wastes are “consumed,” eithe 
as recycled materials or as flows into waste disposal site: 
or to the environment. 


The MEFA represent a unique source of environmental in 
formation, never before available in Canada. Althougt 
some of the basic data that they present are available else 
where, these data are typically dispersed among many or 
ganizations and are often difficult to access. The MEF 
represent the first effort to bring these resource and waste 
data together as a single, consistently organized and com 
prehensive set. More importantly, they represent the firs 
time that detailed data on resource and waste flows have 
been directly linked with Statistics Canada’s economic sta 
tistics. It is this linkage that provides the analytical strength 
of the accounts. 


As noted, the MEFA measure the flows of natural resources 
and wastes associated with the activities of industries 
households and governments. By linking these physica 
measures with data from the Input-Output Accounts, de 
tailed estimates of the resource and waste intensity of eco 
nomic activities are produced. These intensities measure 
the physical quantities of resources (or wastes) used (o 
produced) per unit of economic activity. For example 
tonnes of carbon dioxide emitted per thousand dollars c 
electricity production. Such measures provide indicators c 
the burden placed on the environment by economic activ 


ties. 


In principle, the MEFA record al/ resource and waste flow 
between the economy and the environment. In practice, it! 


{ 


8 Statistics Canada - Catalogue no. 16-505-GPE 


: Concepts, Sources and Methox : 


Linking the Environment and the Economy 


Introduction and Overview 


neither possible nor desirable that the accounts be this 
complete. Some material and energy flows are of little inter- 
2st from an environmental perspective and are therefore 
2xcluded from the accounts. Materials that are nearly unlim- 
ted in supply—air for example—are one such case. More of- 
en it is the case that a particular flow is rightly included in 
he accounts, but that the data necessary to do so are una- 
/ailable. Indeed, data currently available in Canada repre- 
sent only a fraction of the flows that ideally would be 
neasured in the MEFA (although the flows that are meas- 
Jred are among the most important). As expanded data on 
naterial and energy flows are developed, the range of ma- 
erials and energy measured in the account will grow. 


aiven their close relationship with the Input-Output Ac- 
-ounts, many of the characteristics of the MEFA are deter- 
nined by the need for comparability with the former. For 
xample, as already mentioned, the MEFA are compiled 
Ising the sectoral classifications of the Input-Output Ac- 
ounts. Likewise, the geographical scope of the MEFA is 
ational and the frequency with which they are compiled is 
nnual, matching the scope and frequency of Input-Output 
\ccounts. One drawback of this close relationship is the fact 
hat the very detailed Input-Output Accounts require a long 
ompilation period. The accounts are only published four 
fears after the reference year as a result. The MEFA are 
hus somewhat restricted in their ability to provide current 
inalysis of material and energy flows. | 


Oo date, the empirical development of the MEFA has fo- 
used on accounts for greenhouse gas emissions plus the 
ollowing natural resources: 


* energy; 
¢ water; 
¢ pelagic (finned) fish and shellfish; and 


¢ agricultural products. 


he time series of data presented in the MEFA vary accord- 
1g to the flow in question. Several of the series begin in 
981 (energy, water, greenhouse gases).° Data for marine 
esource flows commence in 1961. Agricultural product 
ows are available from 1951 onward. 


.2:3. Environmental Protection 
Expenditure Accounts 


he impacts of economic activity on the environment have 
come a matter of increasing public concern in recent dec- 
des. In response, businesses, households and govern- 
vents alike have spent substantial sums of money on 
nvironmental protection. The Environmental Protection 
xpenditure Accounts (EPEA; row 4 in Figure 1.1) de- 


This said, it should be noted that Statistics Canada is currently working 
toward producing much more timely Input-Output Accounts at both the 
national and provincial/territorial levels. 

The time series for water currently includes 1981, 1986 and 1991 only. 


anadian System of Environmental and Resource Accounts 


compose the framework of the existing national accounts to 
show the extent and distribution of these expenditures. 
Such information is of interest for several reasons. 


* Environmental protection expenditures are one meas- 
ure of society’s response to the negative environmen- 
tal effects of economic activity. 


By definition, environmental protection expenditures 
yield no immediate economic benefits. Consequently, 
it is useful to distinguish them from other expenditures 
when analysing economic growth. 


Environmental protection expenditures impose a finan- 
cial burden on the economy that can be measured 
and, to the extent possible, compared to the benefits 
gained in terms of a lessening of the impact of eco- 
nomic activity on the environment. 


¢ Environmental protection expenditures show, from a 
demand-side perspective, the contribution of environ- 
mental protection activities to Canada's economy. 
Considered another way, they represent the size and 
characteristics of the Canadian demand for goods and 
services produced for environmental protection pur- 
poses. 


Some would argue that expenditures on environmental pro- 
tection represent part of the cost of maintaining natural cap- 
ital and that, as such, they should be excluded from the 
value of production measured in the national accounts. Al- 
though Statistics Canada has no current plans to modify 
Gross or Net Domestic Product in this way (as was noted 
earlier), the EPEA provide those who might be interested in 
calculating such environmentally-adjusted aggregates with 
information necessary to do so. 


The EPEA present an annual time-series of current and 
capital expenditures on environmental protection. The 
EPEA comprise three accounts, one for each sector of the 
economy: 


e household expenditures on environmental protection; 


* government current and capital expenditures on envi- 
ronmental protection, plus intergovernmental and in- 
tersectoral government transfer payments; and 


¢ business capital and operating expenditures on envi- 
ronmental protection. 


Where possible, capital expenditures are distinguished 
from current expenditures, and transfer payments are re- 
ported separately from other expenditures. 


A major challenge in the development of the EPEA has 
been arriving at a practicable definition of “environmental 
protection expenditures.” The difficulty here lies in attribut- 
ing an explicit environmental protection purpose to expen- 
ditures. This is not straightforward in many cases, as a 
number of factors are normally at play in motivating a given 
expenditure. Take an investment in fuel-efficient equipment 
for example. Although such an investment could theoreti- 
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cally be motivated entirely for reasons of environmental pro- 
tection, this seems unlikely. Most often an economic 
consideration would be present as at least a secondary, if 
not primary, motivation. Investments with environmental 
benefits that are motivated in part or in whole for economic 
reasons are problematic in an environmental protection ac- 
count. Are they, or are they not, environmental protection 
expenditures? 


The difficulty presented by multi-purpose expenditures is 
dealt with in the EPEA by defining environmental protection 
expenditures as those undertaken for the purpose of com- 
plying with environmental regulations and/or conventions. ! 
Environmental regulations/conventions make explicit what 
normally would be implicit. Even if there is a financial advan- 
tage to a company in adopting a new technology that con- 
tributes to environmental protection, the fact that its 
adoption is undertaken for the sake of regulatory compli- 
ance ensures that there is an overriding environmental mo- 
tivation. 


Prior to the development of the EPEA, little information on 
business sector environmental protection expenditures ex- 
isted in Canada. In order to overcome this problem, a new 
business survey has been designed and implemented with 
the explicit objective of collecting environmental protection 
expenditure data. Results from this new survey are com- 
bined with those from an existing Statistics Canada survey 
to form the basis for the business sector component of the 
EPEA. Estimates currently begin with the year 1985 for this 
sector. 


Despite many challenges faced in adapting government ex- 
penditure data for use in the EPEA, a lengthy time series of 
environmental protection expenditure estimates for this 
sector has been compiled. Total government expenditures 
are available beginning with the fiscal year 1970/71. Infor- 
mation on the split between current and capital expendi- 
tures is available on a calendar-year basis beginning in 
1985. 


Data sources and methods for the household sector have 
yet to be thoroughly investigated for the EPEA. Measured 
expenditures will be limited to the costs associated with pol- 
lution and noise control devices on automobiles, plus ex- 
penditures on solid waste and sewage treatment not 
supplied by governments. 


1.3. Sustainable development and 
the CSERA 


Many of the concerns related to resource depletion and en- 
vironmental degradation are reflected in the concept of sus- 
tainable development. In its most widely accepted 


a 


. Environmental conventions include any formal multi-party commitment to 
meet specific targets relating to environmental protection. In contrast to 
regulations, for which compliance is required by statute, compliance to 
conventions is normally voluntary. 


formulation, that of the aforementioned Brundtland Com- 
mission, sustainable development is defined as: 


development that meets the needs of the present 
without compromising the ability of future genera- 
tions to meet their own needs (World Commission 
on Environment and Development, 1987; p. 8). 


The Brundtland Commission left its definition intentionally 
vague so that the concept of sustainable development 
would not be confined to any particular category of needs. 
In the period since the Commission’s report, a consensus 
has emerged that sustainable development refers at once 
to economic, social and environmental needs. A clear social 
objective that falls out of the definition is that of equity, both 
among members of the present generation and between 
the present and future generations. Exactly what it is that is 
to be shared equitably among and between generations is 
obviously a subjective and controversial matter, but it is 
clear that the spirit of sustainable development implies that 
all people have the right to a healthy, productive environ- 
ment and the economic and social benefits that come with 
it. 


While the Brundtland definition is attractive for its simplicity 
and the wide appeal of its message, it offers little in the way 
of a measurable objective for sustainable development. 
Thus, economists, among many other groups, have at- 
tempted to operationalize the concept with the goal of un- 
derstanding its implications for current and future economic 
development. 


The economist’s view of sustainability 


Although one finds a predictable amount of disagreement 
among economists as to the economic interpretation of sus- 
tainable development, substantial agreement exists on one 
point: sustainable development is closely related to the 
long-standing economic concept of income. Most econo- 
mists refer back to Hicks’ (1946) definition of income in this 
regard: 


income is the maximum amount an individual can 
consume during a period and remain as well off at 
the end of the period as at the beginning. 


The Hicksian concept of income is easily explained with a 
simple example. Imagine an individual whose only source 
of income is a stock portfolio valued at $1 million at the be- 
ginning of a year. This is a well-managed portfolio, paying 
its owner a net return of 15% annually. The investor’s annu- 
al income in this case is $150 thousand, as this is the max- 
imum amount that she can consume in a year without 
depleting her capital investment (that is, her stock portfolio). 


Although there are obvious and important differences be- 
tween the economic affairs of an individual and those of an 
entire nation, the above definition of income applies equally 
well to both. The income of a nation can thus be defined as 
the amount that it can collectively spend during a period 
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without depleting the capital base (or wealth) upon which it 
relies to generate this income. 


As noted, the concept of income has a long-standing place 
in economic theory. The advent of sustainable development 
has, however, altered the way in which many economists 
think about national income and its relationship to national 
wealth. In the past, economists tended to focus on “pro- 
duced” capital (that is, buildings, machinery and other hu- 
man-made factors of production) as the basis of economic 
wealth and, therefore, the source of income. Now, with the 
emphasis of sustainable development on the preservation 
of the productive capacity of the environment, many econo- 
mists argue that the contribution of a nation’s natural 
wealth (or natural capital) to income cannot be ignored in 
discussions of national income and wealth. This has lead 
to the following widely accepted economic interpretation of 
sustainable development: 


Economically sustainable development is develop- 
ment that generates non-declining per capita na- 
tional income by replacing or conserving the 
sources of that income; that is, the stocks of pro- 
duced and natural capital (Bartelmus, 1990). 


As discussed further below, it is this interpretation of sus- 
tainable development that is embodied in Statistics Cana- 
da’s environmental and resource accounts. 


It is important to point out here that the concept of natural 
capital implicit in the economic interpretation of sustainable 
development encompasses more than just stocks of natural 
resources. Economic activity and human well-being also 
depend on the environment for a large number of environ- 
mental services and amenities, such as the dispersion and 
assimilation of wastes and the production of oxygen. The 
low of these services is analogous to the flow of services 
orovided by produced capital goods. Thus, the environmen- 
‘al systems that provide these services must be seen to rep- 
esent natural capital in the same way that timber or mineral 
stocks do. 


=ven if many economists accept the basic idea that sustain- 
able development requires consideration of both produced 
and natural capital, the relationship between the two is still 
he subject of much debate. In particular, the extent to which 
\roduced capital can act as a substitute for natural capital 
emains controversial. Many economists argue that pro- 
Juced capital is very often, if not always, a substitute for nat- 
Jral capital. Humankind has, they note by way of example, 
smployed produced capital to devise chemical fertilizers 
hat substitute for the natural fertility of soil. Even soil itself 
san be replaced in a limited way through the use of hydro- 
Onics. Others argue, in contrast, that some forms of natural 
sapital exist for which there are no current or foreseeable 
roduced substitutes; the ozone layer is one important ex- 
ample. Some economists would even argue that all pro- 


. However, as the quote from Scott on page 2 clearly demonstrates, a few 
economists have recognized all along that natural capital is just as impor- 
tant as produced capital in this regard. 
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Text Box 1.1 
Sustainable development continuum 


In order to operationalize the concept of sustainable 
development, many economists interpret it as the 
need to maintain stocks of produced and natural cap- 
ital (Daly and Cobb; 1989; Pearce et al., 1989; Pearce 
and Turner, 1990; Victor, 1991: El Serafy, 1996). Al- 
though all agree that both natural and produced capi- 
tal are important when considering sustainability, 
there is a divergence of opinion as to whether the two 
forms of capital are complements or substitutes. This 
divergence has lead to the development of two oppos- 
ing interpretations of economic sustainability. 


* Weak sustainability seeks to maintain from year-to- 
year the per capita income generated from the total 
capital stock (produced and natural) available to a 
nation. No regard is given to the composition of this 
Stock, as it is assumed that produced and natural 
capital are substitutes for one another. Thus, only 
the total value of capital need remain intact for in- 
come to be non-declining. Weak sustainability 
clearly allows for the depletion or degradation of 
natural resources, so long as such depletion is off- 
set by increases in the stock of produced capital (for 
example, by investing royalties from depleting min- 
eral reserves in factories). 


@ 


Strong sustainability requires that both natural capi- 
tal and produced capital be maintained intact inde- 


pendent of one another. The assumption implicit in 
this interpretation of sustainability is that the two 
forms of capital are mainly complementary; that is, 
one is generally necessary for the other to be of any 
vaiue. Produced capital used in harvesting and 
processing timber, for example, is of no value in the 
absence of stocks of timber to harvest. Only by 
maintaining both natural and produced capital 


Stocks intact, the proponents of strong sustainability 
argue, can non-declining income be assured. 


Regardiess of which of the two interpretations one ac- 
cepts, the effect of an increasing population is the 
same. Not only must capital stocks be non-diminish- 
ing, they must in fact grow at the same rate as the pop- 
ulation if per capita income is to remain constant. 


duced capital is ultimately derived from natural capital and, 
therefore, there is never any real substitution of the former 
for the latter. 


Strong and weak sustainability 


The controversy over the degree of substitutability of pro- 
duced capital for natural capital has translated into a contin- 
uum of economic. interpretations of sustainable 
development. At opposite ends of this spectrum are what 
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are known as weak and strong sustainability (Text Box 1.1). 
Regardless of which of these economic interpretations one 
accepts, the same basic tenet is apparent: use of the envi- 
ronment must be compatible with long-term maintenance of 
capital stocks. Although this principle is inherent in both the 
strong and weak definitions of economic sustainability, its 
implications differ depending upon which interpretation one 
accepts. 


Under a regime of weak sustainability, natural resource 
stocks may be depleted, and environmental systems de- 
graded, but only if this depletion/degradation is offset by 
equivalent or greater increases in the stocks of produced 
capital. That is, so long as there is no reduction in total cap- 
ital stocks per capita (produced and natural), the economy 
is assumed to be operating sustainably. Since it is the total 
value of capital stocks that is to be maintained, both natural 
and produced capital must be measured using the same 
yardstick. Thus, weak sustainability implies measurement 
of natural capital stocks in monetary terms, as produced 
capital is normally measured using dollars as the yardstick. 


Strong sustainability sets more strict rules for the use of the 
environment. Renewable natural resources (such as for- 
ests) may be used, but only at the rate at which they natu- 
rally regenerate. That is, depletion of renewable resource 
stocks is not allowed. Non-renewable resources may also 
be used, but only at the rate at which renewable substitutes 
can be produced. | Non-renewable resources for which no 
substitutes exist are to be used minimally (if at all), and 
maximum recycling of these resources is required. Environ- 
mental systems are, in general, not to be degraded. In the 
limited instances where produced substitutes are available 
for these systems, degradation is allowed, but only to the 
extent that the produced capital flows offset the lost natural 
capital services. Environmental systems that provide irre- 
placeable services (such as the ozone layer) are not to be 
degraded at all. 


Strong sustainability requires that stocks of natural and pro- 
duced capital be maintained intact independent of one an- 
other. There is, therefore, no reason why the two forms of 
capital must be measured using the same units of measure. 
This allows for measurement of natural capital stocks in 
physical, rather than monetary, units. This is often straight- 
forward. Stocks of many natural resources can be meas- 
ured using simple physical units and readily available stock 
data (subsoil and timber assets are generally of this nature). 
Measuring the natural capital represented by environmental 
systems-—the waste assimilation capacity of a river system 
for example—is much more difficult. Indeed, no efforts have 
yet been made in the CSERA to measure stocks of this form 
of natural capital. 


1. For example, the depletion of fossil fuels could occur at a rate no greater 
than the rate at which renewable alternatives (wood methanol perhaps) 
can be produced. 


Implications for the CSERA 


The CSERA has been conceived, at least in part, as a tool 
for measuring progress toward economic sustainability.° 
The system has not been designed to reflect any particular 
economic interpretation of sustainable development, but in- 
stead to offer information that is useful for addressing many 
possible interpretations. Questions of the sort listed below 
can be addressed through the CSERA. 


Are stocks of natural capital, in both value and physi- 
cal terms, being maintained in Canada? 


¢ Is the consumption of renewable natural resources 
within the capacity of the environment to regenerate 
these resources, or are stocks of these resources de- 
clining? 


e Are discoveries of new subsoil assets maintaininc 
pace with our depletion of existing assets? What is the 
total subsoil resource base in Canada, including dis: 
covered and (estimated) undiscovered resources? 


° What are the flows of waste materials associated with 
economic activity? Who produces these flows (indus: 
tries, households or governments)? Are these flows or 
the increase or decrease, both in total and per unit o 
economic activity? 


e How much of our waste do we recycle? What share o 
our material input needs are met by recycled materi 
als? 


What are the patterns of land use in Canada? How are 
these changing? Are stocks of important land types 
high quality agricultural land for example, being main 
tained? 


¢ How much is spent to protect the environment? Whc 
makes these expenditures? Are they increasing or de 
creasing and why? 


1.4 Future directions for the 
CSERA 


A great deal of effort has been put into filling the frameworl 
of the CSERA with high-quality statistics. As a result, man 
more questions about the interaction between the econom 
and environment can be answered today than even a fev 
years ago. Of course, the system cannot claim to provid 
definitive and/or complete answers to all such questions. A: 
noted in the preface to this volume, the CSERA remains | 
work-in-progress that will continue to develop with time. | 
this regard, several conceptual issues and data shortcom 


2. Although aspects of sustainability other than those relevant to the ecc 
nomic interpretations presented here are recognized to be important, the 
are not currently dealt with in the CSERA. 
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ings to be given priority in future development of the system 
are summarized below.' 


Natural Resource Stock Accounts 


Priority for the future expansion of the NRSA will be placed 
on the development of physical and monetary stock esti- 
mates for land areas that offer environmental services rath- 
er than raw materials; recreational and wilderness areas for 
example. This work will commence with the development of 
physical stock accounts for parkland and progress toward 
the estimation of values for this and similar land areas. The 
ultimate goal is an estimate of the value of Canada’s natural 
capital in terms of both the raw materials that it provides and 
the services that it offers. 


The development of accounts for resources for which qual- 
ity is equally important as quantity will also be undertaken 
in the future. Water is the most obvious candidate for this 
type of account. A straightforward physical account of water 
stocks would be of questionable value in Canada, given the 
enormous quantities of water with which we are endowed. 
A stock account for water incorporating qualitative dimen- 
sions, such as suitability and availability of water for human 
consumption, would be very useful however. 


Despite the progress that has been made to date with re- 
spect to the valuation of natural capital, much work remains 
in this area. The convergence of international opinion that is 
emerging on the favoured methods for valuing stocks of 
economic resources, such as timber and sub-soil assets, is 
far off in the case of other resources. Valuation methods for 
resources for which there are multiple, concurrent uses 
(such as forests) are not well developed at this time. 


Material and Energy Flow Accounts 


Although the conceptual framework of the MEFA is well-es- 
tablished, their current state of empirical development rep- 
resents only a small fraction of the material and energy 
flows that would be ideally covered. With respect to waste 
flows, estimates of greenhouse gas emissions are the sole 
statistics to have been compiled to date. Although a number 
of sources of data on other waste flows do exist and have 
been investigated, substantial future effort remains before 
these can be incorporated into the MEFA framework. Im- 
portant wastes for which data sources are problematic, or 
do not exist at all, include: solid wastes, sewage and other 
water-borne wastes, ozone-depleting substances, acid-rain 
causing gases, volatile organic compounds, heavy metals 
and other hazardous wastes. A promising source of waste 
data that will be a primary focus of future investigation is En- 


vironment Canada’s National Pollutant Release Inventory. 


With respect to natural resource flows, current plans call for 
the development of estimates for timber, metallic and non- 
metallic minerals and possibly land. Statistics Canada col- 
lects many of the raw data required to incorporate these 
flows into the MEFA framework. Integrating these data Is a 


1. The future directions for each of the components of the CSERA are out- 
lined in more detail in the chapters that follow. 
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high priority for the future development of the MEFA. Esti- 
mating the quantities of recycled wastes that are used in 
place of virgin resources is also a high priority. 


An interesting methodological challenge to be faced in the 
MEFA is the development of techniques for summing dispa- 
rate material flows into meaningful aggregate measures. 
This is already possible for greenhouse gases and several 
other categories of wastes (Puolamaa et al., 1996). The ex- 
tent to which similar methods can be developed for other 


categories of wastes and/or natural resources remains to 
be seen. 


Environmental 
Accounts 


Protection Expenditure 


Much of the future development of the EPEA will be focused 
on the consolidation of data from existing sources and, to a 
lesser extent, on the development of new data sources. As 
noted earlier, no estimates of environmental protection ex- 
penditures have yet been made for households; this is an 
obvious priority for future work. 


Beyond expanding the estimates of environmental protec- 
tion expenditures, an important future objective is the meas- 
urement of environmental protection from the supply side of 
the economy. Survey work currently under way, or planned, 
will provide the data necessary for the development of an in- 
tegrated demand-supply environmental protection expend- 
iture account in the future. The use of the input-output 
accounting framework as the basis for this account will be 
investigated. 


Another longer-term objective for the EPEA is linkage of en- 
vironmental protection expenditure data with data on waste 
output from the MEFA. The effectiveness of environmental 
protection expenditures in terms of reduced waste emis- 
sions would, in theory, be measurable once such a linkage 
was established. 
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2 _ International 
Comparisons 


Canada is one of a number of countries leading the devel- 
opment of environmental and resource accounting. Al- 
though the direction followed in individual countries tends to 
be influenced by domestic resource endowments and envi- 
ronmental and political concerns, there are common con- 
cerns that transcend national borders. This fact points to the 
need for internationally-comparable accounting frame- 
works. 


A number of organisations are working to ensure interna- 
tional Comparability in environmental and resource ac- 
counts through the promotion of standard methods and 
concepts. One such organisation is the so-called London 
Group on Resource and Environmental Accounting, an in- 
formal group of approximately 30 statisticians representing 
14 countries and 5 international organisations. Statisticians 
active in the development of environmental and resource 
accounts convene annually to discuss progress and ex- 
change ideas relevant to the conceptual and practical con- 
siderations of the field. ' 


This chapter provides an overview of the accounting struc- 
tures used by a sample of the London Group member coun- 
tries. 


2.1 Norway 


Among the members of the London Group, Norway has the 
longest experience with environmental and resource ac- 
counting. Understanding the evolution of Norway’s ac- 
counts provides important insight into their current 
composition. 


In the mid 1970s, in response to increasing conflicts be- 
tween conservationists and politicians, Norway embarked 
on a program to develop environmental and resource ac- 
counts. The primary objective was the provision of informa- 
tion that would improve the management of natural 
resources. During the period 1978 to 1986, accounts for en- 
ergy, fish, land use, forest and minerals were developed. 
The approach initially taken by Norway separated natural 
resources into two broad classes: material and environmen- 


1. The London Group meets annually and the papers and proceedings are 
published by a participating agency on behalf of the group. Copies of the 
proceedings can be obtained by contacting the agencies directly. The vol- 
umes were published as follows: inaugural meeting, London, England 
(Statistics Canada, 1994); second meeting, Washington, DICT (UES: 
Bureau of Economic Analysis, 1995); third meeting, Stockholm, Sweden 
(Statistics Sweden, 1996). 
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tal. Material resources were further subdivided into mineral 
resources, biotic resources and inflowing resources. 


Mineral resources were straightforwardly defined as non- 
living, non-renewable resources, and included crude oil, 
natural gas, coal, metals, minerals and other non-renewa- 
ble materials. Biotic (living) resources covered forests and 
fish and were defined as conditionally or potentially renew- 
able. Inflowing resources were defined as those that, for all 
intents and purposes, are unconditionally renewable be- 
cause the volume available makes it virtually impossible to 
extinguish the stock: solar radiation, ocean currents and the 
hydrological cycle (water). 


Environmental resources were distinguished from material 
resources by the fact that the former provide services rather 
than goods. Under the Norwegian definition, environmental 
resources included air and water in their role as waste dis- 
posal media, and land used for recreational purposes. 
Clearly, these resources can cross the boundary between 
environmental and material resources. Thus, environmental 
resources were further distinguished as those for which the 
quality or state of the resource determines its usefulness. 


For each of the accounts and sub-accounts, reserves, ex- 
traction, transformation, trade and domestic use were re- 
corded in physical units. 


This rich base of information served decision makers well 
during the periods of crisis precipitated by the resource de- 
pletion concerns and oil price shocks of the 1970s and 
1980s. The reduced resource use witnessed in the face of 
price increases during the 1980s attracted the interest of 
decision makers and prompted a change in the focus of the 
Norwegian accounts. Decision makers wanted to examine 
more closely the linkages between the physical resource 
accounts and economic information in the national ac- 
counts. 


In the late 1980s and early 1990s, appreciation of the vast 
effort needed to develop and maintain a comprehensive ac- 
counting system in conjunction with the need to expand the 
scope of the system to show environment-economy linkag- 
es led to a narrowing of the focus of account development. 
A few economically and politically important resource is- 
sues—energy resource management in particular—and im- 
portant environmental issues such as air pollution became 
the focus. Land-use accounting was discontinued, although 
forest, fish and mineral accounts were maintained. 


A material resource account is still maintained in physical 
terms for stocks and flows by category of user, all of which 
follow the sectoral structure and classification systems of 
the Norwegian SNA. Wherever possible these data are 
complemented with market price information. This facili- 
tates linkage between the resource accounts and the SNA. 
Sub-accounts within the material resource account differ 
with respect to the detail they present. Biotic resource ac- 
counts, for example, include elements such as age-struc- 
ture, geographic location and quality, in addition to the 
standard measures of reserves presented for all resources. 
In addition to accounts for material resources like fish, for- 
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ests and energy, related statistical information is collected 
for environmental resources; namely, air, water and land. 


During the 1990s, there has been less focus in Norway on 
maintaining a comprehensive set of environmental re- 
source stock, flow and use accounts, and on studying re- 
source issues within traditional economic planning systems. 
These planning systems tended to examine environmental 
implications of economic activity from an economic per- 
spective only. The revised objective is to secure consisten- 
cy between economic analysis and analysis of important 
environmental and resource issues. For example, the ener- 
gy account has become an important and necessary foun- 
dation for emission inventories, which at present cover 
sectoral emissions of greenhouse gases, particulate matter, 
volatile organic compounds, lead and nitrogen oxides. The 
emission data are used in conjunction with economic data 
to forecast the consequences of economic development 
and the associated demand for energy. 


Recent Norwegian initiatives include a pilot project to esti- 
mate waste outputs from selected industries and the as- 
sembly of expenditure information on municipal wastewater 
and solid waste management. 


2.2 Finland 


The programme of environmental and resource accounting 
in Finland arose in the mid 1980s from interest in ensuring 
the sustainable use of forests, the most important natural 
resource in the Finnish economy. This culminated in the 
production of stock and flow accounts for timber and fossil 
fuels, an account of air emissions from fossil fuel combus- 
tion and an environmental expenditure account. Linkage of 
these accounts to standard economic measures is 
achieved via the industrial classifications of the Finnish 
SNA. The accounts have been used in economic modelling, 
in carbon balance accounting and in experimental monetary 
valuation of forest resources. 


The timber material accounts include physical measures of 
the forest balance (stock, growth, natural losses and har- 
vesting, by wood type), use of the forest, and a wood mass 
balance that tracks the mass of wood products through the 
economy from harvesting to final consumption, including 
associated waste materials. The detailed structure of the 
accounts is compatible with the SEEA, but reflects primarily 
an interest in supporting national forest management policy 
tools. The focus of development has been on physical 
measures, with limited work devoted to the elaboration of 
monetary values for the forests. 


Physical accounts for energy based on the input-output ac- 
counts show the output of the energy industries as inputs to 
50 industries and households for 11 fuel commodities. In 
addition to providing insight into energy efficiency, these ac- 
counts are used to model greenhouse gas and particulate 
emissions from fuel consumption by industry, fuel and re- 
gion. 


Environmental protection expenditures by the mining an 
energy production industries have been developed follow 
ing the framework of SEEA. These data will be linked t 
emissions data as an aid in evaluating the cost-effective 
ness of environmental controls. 


To date, the Finnish approach to environmental and re 
source accounting has focused on specific aspects of envi 
ronmental issues and not on the elaboration of < 
comprehensive accounting framework. Nevertheless, the 
approach has lent itself readily to linkage with component: 
of the SNA, resulting in experimental macro-indicators fo 
the environment. Future work will expand the timber mate 
rial account to address a number of issues: forest quality 
health and biodiversity; age and structure of the forests; the 
impact of logging methods; and the impact of changes ir 
protected forest areas. 


2.3 Germany 


Germany has chosen to follow the SEEA closely in its ap 
proach to environmental and resource accounting. The ba 
sic structure for the German accounts addresses fiv 
subject fields: material and energy flow accounts; land ac 
counts; evaluation of the state of the environment; environ 
mental protection expenditures; and imputed preventior 
costs for attaining sustainability standards. The materia 
and energy flow accounts and land accounts are elaborate 
in physical terms, while the other three accounts employ « 
combination of physical and monetary measures. 


The German initiative disaggregates the conventional eco 
nomic accounts to identify environment-related “defensive 
activities, and introduces natural asset accounts to the con 
ventional German SNA. The material and energy flow ac 
counts are being developed to provide insight into the lin| 
between the environment and economic activity. Together 
these form an integral part of the satellite environmental ac 
counts. 


As an extension of the resource use accounts, an experi 
mental material flow account was formulated as a compre 
hensive materials balance in a closed system. Physica 
input-output tables were constructed to allow natural re 
sources to be traced through the economy as inputs, out 
puts (including foreign trade and accumulation ir 
infrastructure) and residuals. This approach allows the esti 
mation of total waste flows, since all materials entering anc 
leaving the system are reconciled. 


Other developments will ultimately lead to expansion of the 
environmental and resources accounts. Interim objective: 
include providing input to the state of the environment as 
sessment. Attempts are under way to examine the impac 
of environmental targets on the economy. Land use anc 
cover will contribute to the natural asset accounts and to the 
material flow accounts. Environmental costs will help in the 
derivation of estimates for natural asset depreciation. 
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2.4 Australia 


In addition to a commitment to expand its existing system of 
national accounts to include the environment under its 
Agenda 21 resolution, Australia is also developing environ- 
mental and resource accounts in support of its National 
Strategy for Ecologically Sustainable Development. These 
commitments have taken form initially in the direct introduc- 
tion of environmental assets to the national and sector bal- 
ance sheets of the Australian SNA, and in the development 
of satellite environmental accounts. 


Australia follows the direction for satellite account develop- 
ment set out in the SEEA. The accounts developed or 
planned to date include: 


¢ estimates of the value of natural assets; 


¢ estimates of environmental protection expenditures, 
by sector and industry on an annual basis; 


¢ stock, flow and waste output accounts in physical units 
for a range of natural resources, including energy; 


¢ environmental pressure indicators linked with flow 
data from physical accounts that enable calculation of 
measures such as sector and industry contributions to 
issues of environmental concern; and, eventually, 


¢ monetary estimates for environmental degradation 
and resource depletion. 


Market values (or proxies) for stocks of natural assets are 
being developed for forests, inland water, fisheries, land 
and subsoil assets. This emphasis reflects Australia’s natu- 
ral resource endowments. Consistent with the rest of the 
economic accounts, these estimates relate only to econom- 
ically exploitable assets and exclude non-market services 
such as biodiversity or clean air. 


The standard Australian SNA is also disaggregated to re- 
veal links to natural resource use. One area affected is the 
national balance sheet (specifically the entry for “other 
changes in volume of assets”), where depletion, discover- 
ies, growth and degradation of natural assets (within the 
boundaries of SNA concepts) are now separately identified. 
The other affected area is the expenditure estimates of the 
input-output accounts. Expenditures having the specific 
purpose of protecting or repairing the environment are iso- 
lated to allow examination of the cost of environmental pro- 
tection in the economy. 


2.5 Denmark 


While there has been no development to date of an integrat- 
ed framework for environmental and resource accounting in 
Denmark, a number of relevant projects have been under- 
taken. These have observed the guidelines of both the 
SNAQ3 and the SEEA. Denmark is further proceeding to im- 
plement the recommendations of the SNA93 and SEEA 
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with respect to natural resource stock accounts, with a par- 
ticular focus on crude oil, natural gas, land, forest and fish 
resources. Estimates in both physical and monetary units 
are being developed. Notably, the requirements of environ- 
mental analysis were considered during development of the 
new industry classification recently implemented in the 
Danish SNA. 


Since the mid 1970s, Danish input-output tables have been 
used in conjunction with energy consumption and air emis- 
sions data to illustrate—via a materials balance approach— 
the use of 23 different types of energy in 117 industries and 
several categories of final demand. Although this work was 
first undertaken to better understand energy use in re- 
sponse to the oil crisis of the early 1970s, the focus has now 
turned to the environmental aspects of energy production 
and use. The introduction of wastes into the materials bal- 
ance equation reflects this change in emphasis. 


As in other countries, components of the Danish input-out- 
put tables have also been disaggregated to separately 
show environmental protection activities. 


2.6 The Netherlands 


In response to increasing concern about the impact of eco- 
nomic activity on the environment, the Netherlands expand- 
ed its SNA framework in the early 1980s to include 
environmental information. The resulting system is referred 
to as the National Accounting Matrix including Environmen- 
tal Accounts (NAMEA). The objective of the NAMEA at the 
most aggregate level is to provide a set of interrelated mac- 
ro-indicators for the economy and the environment. Three 
modifications to the standard Dutch SNA were made in or- 
der to produce the NAMEA. 


First, a new accounting framework was developed to pro- 
vide summary environmental indicators along national and 
global environmental themes. The themes, adopted from 
the Netherlands’ National Environmental Policy Plan, in- 
clude the greenhouse effect, depletion of the ozone layer, 
acidification, eutrophication, waste accumulation, and re- 
source depletion. 


Second, production information was expanded to include 
detailed data on the physical output of waste materials. On 
the basis of the relative contribution of each waste to each 
environmental theme, emissions are weighted and summed 
to produce total emissions by theme. The result is a limited 
set of summary environmental indicators that are compara- 
ble with conventional economic aggregates. 


Third, in addition to the introduction of environmental 
themes, the regular transactions in the SNA relating to the 
environment are isolated and explicitly shown. These trans- 
actions cover the production of waste treatment services 
(both purchased and self-produced), the production of con- 
sumer and intermediate goods designed to protect the en- 
vironment, and environmental taxes. 
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More recently, the Netherlands has developed balance 
sheet accounts for monetary and physical measures of nat- 
ural resource stocks. Ultimately these will be linked with the 
NAMEA system. 


2.7 Sweden 


Environmental accounting was initiated in Sweden in 1992 
in response to a government directive. The call was for 
physical and monetary environmental accounts and indices 
that would provide insight into the links between the econo- 
my and the environment. 


The accounting framework used for integrated environmen- 
tal and economic accounting in Sweden is to a very large 
extent based on the NAMEA framework just described. En- 
vironmental themes addressed include degradation of nat- 
ural resources and loss of environmental quality as a result 
of pollution, and the depletion of natural resources. The 
standard economic accounts are supplemented with physi- 
cal data within the framework of the input-output accounts. 
These data focus on waste flows: greenhouse gas and oth- 
er air emissions, emissions of nitrogen and phosphorous, 
and other waste flows from extraction and manufacturing in- 
dustries categorised according to material, source and 
method of treatment. Greenhouse gas and volatile organic 
compound emissions are estimated from detailed energy- 
use statistics, which themselves form a component of the 
Swedish environmental and resource accounts. 


Estimates of defensive expenditures for environmental pro- 
tection are under development. These are expected to be 
isolated or shown as separate inputs within the economic 
accounts in the near future. 


Complete balance sheet estimates in monetary and physi- 
cal terms for land, forest and sub-soil assets are under de- 
velopment. 


Future development will see the quality and detail of the ex- 
isting accounts improved and accounts drawn up for a ma- 
terials balance of toxic compounds. Wherever feasible, 
environmental indicators will be extracted and linked to the 
environmental themes. 


2.8 France 


In 1978, France embarked on a project to design an ac- 
counting system to assess, both quantitatively and qualita- 
tively, the state and evolution of its “natural patrimony.” The 
nation’s natural patrimony, or natural wealth, incorporates 
the natural assets inherited from previous generations and 
is intended to embody the notion of ecological sustainabili- 
ty. Thus, the natural patrimony accounts were conceived to 
assess the interaction between the ecological, economic 
and social functions of natural assets. 
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Development of the patrimony accounts was motivated by 
the need to integrate the environment more effectively in 
economic policy. Early in their development, the benefits of 
linking the patrimony accounts to the national accounts 
were recognized and became a major impetus for the work. 
The objective was not the creation of an environmentally- 
modified economic aggregate that would serve as a welfare 
measure however. Rather, it was to provide a supplemen- 
tary set of accounts suitable for analysing the trade-offs be- 
tween the ecological, economic and social functions of the 
environment. 


The natural patrimony accounts comprise three elements. 


Component accounts describe the opening and closing 
stocks of natural assets in physical terms for a given period. 
The contribution from each of the factors, natural and hu- 
man, that contributed to changes in stock levels during the 
period are also shown. Although the framework for the com- 
ponent accounts includes all assets, practical constraints 
have restricted their development to inland water, forest, 
soil, land use, and wildlife. 


Ecozone accounts register the changes in land use and 
the status of ecosystems in qualitative and physical terms. 


Agent accounts describe the interaction between the envi- 
ronment and human activity. The categories used in the 
classification of the interactions are those of the standard 
French SNA and deal with both economic and 
non-economic activities. The agent accounts measure a 
range of activities, from production and consumption 
through changes in resource stocks and environmental 
quality. They are a form of physical material and energy flow 
accounts. Recently, work has been initiated on waste emis- 
sions. 


The three elements of the patrimony accounts, when taken 
together, allow the analysis of the environment according to 
economic, ecological and social functions. 


In addition to the natural patrimony accounts described 
above, France has also developed economic patrimony ac- 
counts in selected areas within the framework of the SNA. 
As in most countries, the French national balance sheet as- 
sesses in monetary terms all fixed and financial assets held 
by economic agents (including housing, capital equipment 
and livestock). This list has been expanded in the economic 
patrimony accounts to include natural resources such as 
land, sub-soil resources and forests. 


Environmental protection expenditures have also been 
compiled in France since 1986. These accounts are pres- 
ently being updated and revised to correspond more closely 
with the methods outlined in the Systeme européen de 
rassemblement de l'information économique sur I’environ- 
nement' (SERIEE) (Eurostat, 1994a and 1994b).@ 


~—e 


. European System for the Collection of Economic Information on the Envi- 
ronment. 


2. Chapter 5 outlines the SERIEE framework in more detail. 
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2.9 Summary 


espite variation in national priorities and individual prefer- 
inces for particular accounting structures, there are identi- 
able trends in the workplans for environmental and 
esource accounting within the member countries of the 
ondon Group. 


\ll member countries have developed, or are intending to 
levelop, physical measures for the natural resource stocks 
nat figure most prominently in their economic and political 
lomains. With the exception of Italy, monetary measures of 
jatural resource stocks will also be derived. The latter are 
itended for incorporation in national balance sheet ac- 
counts, as per the recommendations of the SNAQ3. 


Jaterial flow accounts in physical terms have also been 
laborated by most London Group countries. These are typ- 
cally formulated according to input-output accounting 
rameworks. The materials included in the accounts tend to 
natch those for which data are compiled in resource stock 
iccounts. Energy resources are almost universally repre- 
ented in the material flow accounts. Based on the energy- 
ise accounts, estimates of emissions of greenhouse gas 
ind other fuel-related wastes are made in many countries. 


-inally, all London Group countries have initiated measure- 
nent of environmental protection expenditures. 
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3 Natural Resource Stock 
Accounts 


Introduction 


[he Natural Resource Stock Accounts (NRSA) are the 
irst of the three major components of the System of Envi- 
onmental and Resource Accounts described in this vol- 
ime. 


[The NRSA currently comprise three accounts, one for each 
of the following: 


¢ subsoil resources; 
e timber; and 


e land. 


n general, the NRSA show annual estimates of the quanti- 
ies and values of Canada’s stocks of the above natural re- 
sources. The time period covered by the accounts varies 
Jepending upon the resource in question and whether the 
accounts are presented in physical or monetary units. Many 
of the physical accounts begin in 1961; time series of value 
2stimates generally begin in the mid-1970s. The geograph- 
c scope of the NRSA is, in the main, national and provincial/ 
erritorial. 


Table 3.1 outlines the natural resources that are currently 
ncluded in the NRSA and provides details of the coverage 
»f each. As can be seen, the accounts currently focus on 
vatural resources that provide direct inputs into market ac- 
ivity. This initial orientation of the accounts has been cho- 
sen for two reasons. To begin with, physical stock data are 
Nost readily compiled, and monetary estimates most objec- 
ively made, for resources that are used directly in the econ- 
ymy. Second, these resources represent a component of 
Dur national wealth that has historically been excluded from 
Canada’s national balance sheet. Inclusion of this natural 
nealth on the national balance sheet has been deemed a 
igh priority, and the NRSA have been developed initially in 
arge part to meet this need. More is said on the inclusion of 
1atural resources on the national balance sheet throughout 
his chapter. 


A broader view of the resources that might ultimately be 
sovered in a set of natural resource stock accounts is pre- 
sented in Table 3.2. This view includes resources that pro- 
/ide indirect-use and non-use benefits, as well as those that 
srovide direct inputs into market activity (Section 3.2.2 dis- 
susses the various use values of natural resources in more 
Jetail). Future development of the NRSA will see their cov- 
2rage expanded to include physical and monetary esti- 
nates of natural resources that are not directly used in the 
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Table 3.1 
Natural Resource Stock Accounts 
; Valuation 
Resource Geographic coverage Time series — method 
Alberta, Saskatchewan, N : 
Crude oil British Columbia, Manitoba, 1961-1995 nee Puce 1 
Ontario and Canada resent value 
Natural gas and Alberta, Saskatchewan, Net ori 
B et price 
by-products Se ee Ontario © 1961-1995 —Brasent value 
es bitumen 
surface y Net price 
2 mineable and Alberta, Canada 1967-1995 Precontvaltc 
% | in-situ) 
oO 
zo} a Columbia, Alberta, 
Q askatchewan, New -2  Netprice 
g | Coal Brunswick, Nova Scotia 1976-1995" resent value 
and Canada 
Physical accounts: 
provinces/territories and F 
Metals? Canada 1976-1995 et price 
Monetary accounts: mine ail le 
type 
Saskatchewan and New Net price 
Potash Brunswick and Canada 1976-1995 Present value 
Timber Provincgsiterritories and 4961-19918 Present value 
land cover: 
1991 
land use: 
and Ecozones, provinces/ 1971, 1981, Observed 
territories and Canada 1991 and market values 
1996 
land value: 
1961-1996 
Notes: 


=% 


. As well as net price and present value valuations, replacement cost valuations for crude 

oil have been reported for Alberta (Born, 1992). 

The monetary accounts for coal begin in 1975 rather than 1976. 

Copper, nickel, zinc, lead, gold, silver, molybdenum, iron and uranium. 

Monetary accounts for metals are compiled by mine type (gold; copper and copper- 

zinc; nickel-copper; silver-lead-zinc; molybdenum; uranium; and iron) because of the 

difficulty of valuing individual metals in polymetallic ore deposits. 

. The physical accounts exclude Prince Edward Island, Manitoba and Northwest Territo- 
ries. 

. The monetary accounts for timber extend to 1995. 


ON 


a 


fe>) 


market, but which provide benefits to Canadians nonethe- 
less. 


Each of the existing component accounts of the NRSA is 
described briefly below. Full descriptions of the concepts, 
sources and methods used in their development are pre- 
sented in sections 3.3 through 3.5 of this chapter. 


Subsoil Asset Accounts 


The Subsoil Asset Accounts (SAA) record annual physi- 
cal and monetary estimates for the stocks of Canada’s “eco- 
nomically recoverable” reserves! of: 


e crude oil; 


e natural gas and its by-products (natural gas liquids 
and sulphur); 


e crude bitumen (or tar sands); 


e lignite, subbituminous and bituminous coal; 


1. There are several more formal definitions of subsoil asset reserves used 
in the SAA. These are described in detail in Section 3.3. 
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Table 3.2 


Scope of Physical and Monetary Accounts of Natural Resources 


Biological resources 


Forests Other biological resources 


Land Subsoil resources Water 


Accessible, timber 
productive, 
non-reserved forests 


Marine and 
freshwater fish, 
shellfish and 
terrestrial flora 
and fauna 


Physical accounts 


Other forests 


Economically used 
(agricultural land, land 


Other land (protected 
areas and recreational 


Market value 
(excluding non-timber values) 


Market and 


Monetary accounts non-market values 


Market and non-market values 


non-market values 


Developed reserves 
(economically 
recoverable) 


iain rvoirs 
under buildings Stored water (reservoirs) 


and forestland) 


Undeveloped reserves 
(economically recoverable) 
(partially completed) Other surface water 
and groundwater 
land for example) Undiscovered recoverable (by quality rating) 
resources 


(partially completed) 


Market value (developed 


reserves) Market value 


Market value 


Market and “Option values” Market and 
(undeveloped reserves) non-market values 


Notes: 


In general, the division of the monetary accounts parallels that of the physical accounts. For example, the physical account for forests is split into a portion for forestland used for timber harves' 
and another for other forestland. Similarly, the monetary account is split into a portion based on market values for forestland used for timber harvesting and market and non-market valuation o 


other forestland. 


The shaded areas denote the physical and monetary accounts that have been completed to date in the NRSA. 


e metals (copper, nickel, zinc, lead, gold, silver, molyb- 
denum, iron and uranium); and 


¢ potash. 


Economically recoverable reserves are those that can be 
recovered under current technological and economic condi- 
tions. 


The SAA take the form of reconciliation accounts. That is, 
they show estimates for opening and closing stocks of sub- 
soil assets in each year, plus the volume changes that oc- 
curred during the year. Volume changes resulting from 
reserve discoveries, additions and depletion are recorded in 
both the physical and monetary accounts. The monetary 
reconciliation accounts include an additional balancing 
item: revaluation of reserve stocks due to changes in prices 
and costs. Section 3.3.3 presents further details of the rec- 
onciliation accounts of the SAA. 


Beyond economically recoverable reserves, the SAA also 
show supplementary, point-in-time physical estimates for 
Canada’s total resource base. Currently, these estimates 
are limited to energy resources for the year 1992." They 
supplement the estimates of economically recoverable re- 
serves with estimates of reserves thought to be potentially 
recoverable in the future. This broader physical assessment 
is included in the SAA because the annual physical and 
monetary accounts measure only a (sometimes very small) 


anh 


. The total resource base estimates for energy are large and are revised 
only periodically. For this reason, the SAA does not show an annual time 
series of these estimates, but presents a periodic “snapshot” instead. The 
data required to show similar estimates for assets other than energy 
resources do not exist at this time. 


fraction of total reserves. The estimates of the total resource 
base present a more complete picture of the resources 
available to Canada in the long run (Born, 1997). 


Full details of the SAA are provided in Section 3.3 of this 
chapter. 


Timber Asset Accounts 


The Timber Asset Accounts (TAA) comprise physical anc 
monetary accounts of Canada’s timber assets. Uses of 
Canada’s forests for purposes other than timber supply—as 
recreational areas or wildlife habitat for example—have no’ 
yet been considered in the TAA. Timber supply has beer 
chosen as the initial orientation of the account since this is 
the principal economic use of the forest in Canada.” 


In Canada, timber productivity and accessibility limit the 
portion of the forest that provides economic benefit and 
therefore, the portion that can be considered an economic 
asset. For this reason, only Canada’s accessible, timber- 
productive, nonreserved forestland is represented in the 
TAA. 


Like the Subsoil Asset Accounts, the Physical Timber As: 
set Account is presented as a reconciliation account. | 
provides annual opening and closing estimates of standinc 
timber stocks and timber-productive land area, plus the 
changes in the volume of these stocks due to harvestinc 
and natural events. The Monetary Timber Asset Account 


2. Extension of the Timber Asset Accounts to include physical and monetary 
statistics for forestland uses other than timber production will be under 
taken in the future. Estimates of stocks and values of parkland will be a pri 
mary focus of this development. 
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1 contrast, presents only annual value estimates for stand- 
1g timber stocks. It does not currently include value esti- 
nates corresponding to the annual volume changes shown 
1 the physical account. Estimating the value of each com- 
onent of the annual change in physical timber stocks is not 
ossible given current data sources and valuation methods. 


soth the physical and monetary timber accounts present 
me series beginning in 1961 at the national and provincial/ 
srritorial levels. 


‘ull details of the TAA are provided in Section 3.4 of this 
hapter. 


_and Account 


ike subsoil and timber assets, land is a key input into many 
conomic activities. A number of unique attributes set land 
part from these other resources however. First of all, land 
> not harvested or extracted, but is used “in place” instead. 
econd, the total stock of land in Canada is, for all intents 
ind purposes, fixed. Finally, location is key in determining 
re use to which land is put. The Land Account has been 
tructured to reflect these unique characteristics of land and 
differs in a number of ways from the accounts just de- 
cribed for subsoil and timber assets. 


e The Land Account is not represented as an annual 
time series of stock estimates. Significant changes to 
land resources do not usually occur over the span of a 
single year, but over several years or even decades. 
For this reason, the Land Account is updated on a 
multi-year cycle. Some components of the account are 
updated every two to three years (land cover for exam- 
ple); major revisions are made every five years follow- 
ing the release of new information from the censuses 
of population and agriculture. 


¢ The Land Account is not represented as a series of 
provincial and national reconciliation accounts. Recon- 
ciliation accounts are suitable only for resources that 
are depletable; that is, for resources for which the total 
stock can be reduced (or augmented) from one period 
to the next. This is not the case for land. As noted 
above, the total stock of land in Canada is fixed and a 
reduction in the use of land for one purpose (agricul- 
ture for example) implies an increase in its use for an- 
other (urban land perhaps). Thus, changes in land 
stocks are best represented in a two-dimensional tran- 
sition matrix showing the flows between stock catego- 
ries. At this time, the data required to develop such a 
transition matrix for land are only partially available in 
Canada. The Land Account thus presents only begin- 
ning-of-period stock estimates by land category, with- 
out showing the flows that contribute to the changes in 
these stocks during each period. 


. The Physical Timber Asset Account currently excludes Prince Edward 
island, Manitoba and the Northwest Territories. A lack of suitable data for 
these regions precludes their inclusion in the account. 
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* Finally, the importance of location in determining the 
characteristics and use of land demands that the Land 
Account be compiled using a detailed spatial frame- 
work. The spatial framework used in the Land Account 
is formed from the amalgamation of regions defined by 
ecological, political and statistical boundaries. 


Incorporating the above characteristics, the Land Account 


forms a large, spatially-referenced database with five lay- 
ers: 


* a physical foundation; 
* land cover; 

° land use; 

e land potential; and 

¢ land value. 


As with the other resource stock accounts, the time series 
of data presented in the Land Account varies significantly 
depending upon the land category in question. Thanks to 
Statistics Canada’s long-standing collection of agricultural 
Statistics, estimates of agricultural land use are available 
back to 1901. Estimates of land used for other purposes be- 
gin in 1971. Detailed estimates of land cover for the entire 
country currently exist only for 1991. 


Full details of the Land Account are provided in Section 3.5 
of this chapter. 


Other resources 


The development of stock accounts for other natural re- 
sources has not progressed as far as that for subsoil, timber 
and land assets. This is mainly due to a lack of suitable da- 
ta. In particular, despite the investment of considerable ef- 
fort in assessing data sources, the development of a 
physical stock account of marine resources has not yet 
proven possible. Pelagic (or finned) fish and shellfish stocks 
are estimated by officials only when there appears to be a 
problem with a localized fishery, and then only for the spe- 
cies of concern. Thus, there exist no annual stock estimates 
by species for each fishery in the country and, therefore, no 
data from which an aggregate fish stock account could be 
compiled (Austin, 1996). 


The situation is somewhat better for terrestrial animals that 
are of importance as game or for fur production. Population 
data of the sort that could be used to develop a stock ac- 
count are often estimated for game species on the basis of 
reported hunting successes. Likewise, stocks of fur-bearing 
animals are estimated on the basis of the number of pelts 
harvested in a season. The use of these data to develop 
stock accounts for wildlife species is still being investigated. 


3.1. Rationale, uses and linkages 


Much of Canada’s economic wealth is attributable to the na- 
tion’s substantial stocks of natural resources. Yet for most 
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of our history, Canadians have taken these natural resourc- 
es for granted, treating them as “free gifts of nature.” This 
has changed. Canadians now recognize that their natural 
- resource base is finite and that it must be managed for the 
benefit of both current and future generations. This recogni- 
tion is translating more and more often into economic policy 
that looks beyond the conventional orientation of economic 
ts setting instead targets for sustainable develop- 
ment. 


The traditional view of natural resources as “free gifts of na- 
ture” is reflected in the fact that the national accounts of all 
nations have historically assigned little or no value to re- 
source stocks and environmental services. The Canadian 
National Balance Sheet Accounts (CNBSA), for example, 
have historically included the value of only a small portion 
of Canada’s land? in the measurement of national wealth; 
all other resources have been excluded. As discussed in 
Chapter 1, this treatment will change as a result of the re- 
lease of the latest version of the international guide to na- 
tional accounting, the SNAQ3. The new version of this guide 
reflects a rethinking by its sponsoring organizations of the 
economic role of natural resources. The guide now provides 
useful directions for integrating environmental statistics into 
the national accounting framework. One of its major recom- 
mendations is that selected natural resources be recog- 
nized as economic assets and included in the estimate of 
national wealth presented in national balance sheet ac- 
counts. 


Natural resources as assets 


According to the SNAQ3, the conditions under which re- 
sources are rightly considered economic assets and includ- 
ed on balance sheet accounts are as follows: 


Naturally occurring assets over which ownership 
rights have been established and are effectively 
enforced...qualify as economic assets and [are to] 
be recorded in balance sheets. [Such assets] do 
not necessarily have to be owned by individual 
units, and may be owned collectively by groups of 
units or by governments on behalf of entire com- 
munities...In order to comply with the general defi- 
nition of an economic asset, natural assets must 
not only be owned but be capable of bringing eco- 
nomic benefits to their owners, given the technolo- 
gy, scientific knowledge, economic infrastructure, 
available resources and set of relative prices pre- 
vailing on the dates to which the balance sheet re- 
lates or expected in the near future (Commission 
of European Communities et al., 1993; p. 219). 


1. For example, beginning in December 1997, each federal government 
department will be required to submit a Sustainable Development Strategy 
to the Office of the Commissioner of the Environment and Sustainable 
Development, a recently formed branch of the Office of the Auditor Gen- 
eral. These strategies will require measures, or indicators, of sustainability. 

2. Agricultural land and land under residential and commercial buildings. 
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The SNAQ3 recognizes four broad categories of natural re- 
sources (formally, “tangible non-produced assets”) that 
generally meet the above criteria: land, subsoil resources, 
“non-cultivated biological resources” (timber and wildlife) 
and water. 


Statistics Canada, along with statistical offices in many oth- 
er nations, is complying with the SNA93’s recommenda- 
tions respecting natural resources and balance sheet 
accounts. Beginning in 1997, estimates of stock values for 
subsoil and timber assets will be added to the CNBSA. Ata 
later date, the estimates of land value already included on 
the balance sheet will be improved and extended to include 
new categories of land (forestland and parkland for exam- 
ple). Biological resources (other than timber) and water will 
also be included on the balance sheet in the future, once 
suitable data sources and valuation methods are found. 


The addition of natural resource assets to the national bal- 
ance sheet recognizes the fact that these resources, al- 
though provided freely by nature, contribute significantly to 
Canada’s income-generating potential. In other words, they 
are an important part of our national wealth. 


Text Box 3.1 presents definitions of the natural resource as- 
sets that are currently measured in the NRSA. These defi- 
nitions generally follow those of the SNAQ3 for tangible non- 
produced assets, with some minor differences.? Text Box 
3.2 demonstrates how these assets (as well as those for 
which no data are yet available in the NRSA) are classified 
as non-produced assets in the CNBSA. 


As can be seen in Text Box 3.2, national wealth is defined 
as the sum of all non-financial assets held by Canadian cit- 
izens, businesses and governments. Non-financial assets 
are divided into three groups: 1) produced assets that are 
the result of economic or human activity; 2) non-produced 
assets (or natural resource assets) that are required for 
economic activity but that have been produced by the envi- 
ronment; and 3) intangible assets (intellectual property for 
example). Until now, only the first of these categories (pro- 
duced assets), plus the first three land categories, have 
been measured in the CNBSA. As of 1997, natural resource 
assets (timber and subsoil assets) will be added. No esti- 
mates of the value of intangible assets are currently includ- 
ed, or planned for inclusion, on the balance sheet. 


Non-economic natural resources 


Not all natural resources qualify as economic assets. In par- 
ticular, natural resources over which ownership rights can- 
not be established cannot be considered economic assets 
in the SNAQ3 sense. These include resources such as air, 
major water bodies and ecosystems that are so vast or un- 
controllable that effective ownership rights cannot be en- 
forced. Likewise, resources whose existence has not been 


3. The differences include the use of a social discount rate, rather than the 
suggested private rate, to derive asset values; expansion of the definitior 
of mineral reserves to include both proven and probable, not just proven. 
reserves; and aggregation of cultivated and non-cultivated timberland inte 
a single timber asset. 
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Text Box 3.1 
Natural Resource Assets in the NRSA 


Natural resource assets, in general, are those natu- 
ral resources over which ownership rights can be en- 
forced and from which economic benefits can be 
derived by the owners. They meet the criteria for qual- 
ification as economic assets as set out in the SNAQS, 
where they are termed tangible non-produced as- 
sets. : 


Land assets include land associated with residential 
and non-residential buildings, agricultural land and 
land used for recreation or environmental protection 
(parkland for example). 


Timber assets are those timber stocks that are capa- 
ble of producing a merchantable stand within a rea- 
sonable period of time, that are physically accessible 
and that are not reserved for purposes other than har- 
vesting. 


Subsoil assets are restricted to developed reserves 
of subsoil resources; that is, those reserves that can 
be expected to be recovered through existing installa- 
tions (wells or mines) under existing operating meth- 
ods and economic conditions. Undeveloped 
reserves of subsoil resources are those that require 
further capital investment before extraction can occur; 
they are not considered economic assets because 
economic benefits cannot be derived from them in the 
immediate future. Undiscovered recoverable re- 
sources are those believed to exist on the basis of 
available geological and geophysical evidence, but 
which have not yet been shown to exist by drilling, 
testing or production. 

Sources: 


Commission of European Communities ef al., 1993; p. 309-310. 
Born, 1997. 


‘oven by exploration and development (undiscovered sub- 
il resources for example) or that are currently inaccessi- 
e (remote forests for example) are also not considered 
sonomic assets. Known resource reserves that do not yet 
‘ovide economic benefit because the capital needed to ex- 
oit them is not in place are also not considered economic 
ssets. (These resources may become economic assets at 
me future point as the result of advances in technology or 
anges in prices.) 


he fact that a resource does not qualify as an economic 
sset does not preclude its inclusion in the NRSA however. 
nlike the CNBSA, in which the focus is strictly on econom- 
assets, the mandate of the NRSA is to present physical 
ad, whenever possible, monetary estimates of all impor- 
nt natural resource stocks in Canada. Although the initial 
evelopment of the NRSA has focused, with good reason, 
n resources that qualify as economic assets, future devel- 
oment of the accounts will expand this boundary to include 
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Text Box 3.2 
Non-financial Assets of the CNBSA' 


Non-financial assets (national wealth) 


1 Produced assets 
1.1 Capital (structures, machinery and equipment) 


1.2 Consumer durables (autos, furniture and appli- 
ances) 


1.3 Inventories 


1.4 Other produced assets (monuments, valuables 
and collectibles) 


2 Non-produced assets 
2.1 Land 
Residential land 
Non-residential built-up land 
Agricultural land 
Land inventory* 
Recreational and protected land 
2.2 Timber 
2.3 Wildlife 
Fish 
Other wildlife 
2.4 Subsoil assets 
Oil, crude bitumen and natural gas 
Coal 
Metals 
Non-metais 
3 Intangible assets 
3.1 Goodwill? 
3.2 Other intangible assets 


Notes: 

1. This is the classification of non-financial assets proposed for use in the CNBSA 
beginning in 1997 

2. Land inventory is the value of land held by developers for future development. 

3. Goodwill is defined as the excess of the price paid for a business over the 
business’ net worth. 


natural resources that provide benefits outside of tradition- 
ally-measured economic activity. 


3.1.1 Uses 


A principal use of the NRSA is as the source of estimates of 
the values of Canada’s natural resource asset stocks that 
are required to supplement the measure of national wealth 
in the CNBSA. As explained in Chapter 1, measurement of 
natural wealth is an important aspect of assessing the sus- 
tainability of economic development. Expanding the 
CNBSA to include the value of natural wealth alongside the 
traditional measures of produced wealth provides a more 
complete picture of Canada’s total wealth. It allows assess- 
ment of the degree to which produced capital is used as a 
substitute for natural capital. Balance sheet data on natural 
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| Text Box 3.3 
Environment-economy Indicators from 

the NRSA 

Land-use indicators 


¢ share of prime agricultural land under cultivation 


* urban-rural land use change 


National wealth indicator 


¢ annual value of natural and produced capital 


Physical resource stock indicators 


* annual stock estimates for timber, energy and min- 
eral resources 


¢ annual depletion of mineral reserves and harvest of 
timber stocks 


* reserve life of energy and mineral resources 


¢ total natural resource base 


resources are also of interest for monitoring the availability 
and exploitation of these resources and for formulating en- 
vironmental policies. 


Environment-economy indicators 


Beyond their contribution to the CNBSA, the NRSA also 
serve as the basis for environment-economy indicators in 
the areas of land-use, national wealth and physical meas- 
ures of resource stocks. The indicators that are currently 
developed within these three areas are presented in Text 
Box 3.3. These indicators provide information about man- 
agement of Canada’s natural resource stocks and their use 
in the economy. 


The land-use indicators show how land-use patterns have 
changed since the early 1900s. Such indicators provide 
broad measures of the pressure placed on our land resourc- 
es by economic activity, addressing questions like: 


¢ How quickly is rural land being converted to urban 
land? 


¢ Of Canada’s total urban land area, what share is occu- 
pying prime agricultural land? 


¢ What percentage of total prime agricultural land is be- 
ing cultivated over time? 


The national wealth indicator measures the contribution of 
natural resources to Canada’s national wealth and con- 
trasts this with the wealth associated with produced assets. 
This indicator addresses questions like: 
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e Are we maintaining the value of Canada’s natural 
wealth, thereby ensuring a steady flow of income from 
the exploitation of natural resources? 


¢ To what extent are we substituting produced assets for 
natural assets? Are we maintaining total wealth (pro- 
duced plus natural) over time, both in total and per 
capita? 


Finally, the physical resource stock indicators provide phys- 
ical measures of Canada’s stocks of natural resources, of- 
fering insight into questions of the following sort: 


¢ Do discoveries of energy and mineral resources keep 
pace with the depletion of these resources? 


¢ Does natural growth offset harvest and other losses ot 
our timber resources? 


e What is the impact of resource depletion on the stock 
of natural resources and Canada’s total resource 
base? 


3.1.2 Linkages to other accounts 


Relationship to other components of CSERA 


Of the other components of CSERA described in this vol- 
ume, the NRSA are most closely related to the Material anc 
Energy Flow Accounts (MEFA; Chapter 4). The annual de- 
pletion or harvest of natural resource stocks recorded ir 
physical units the NRSA represents a portion of the re- 
source flows that are recorded in the MEFA.' For example 
the timber harvest that is recorded in physical units in the 
TAA shows up in the MEFA as a physical flow of timber intc 
the economy. Of the resources currently included in the 
NRSA, the MEFA present data for the flows of energy com: 
modities only; further work is required to produce accounts 
for the flows of other resources. 


The integration of data from the NRSA and the MEFA car 
be used to measure the impact of material and energy use 
on the stock of “virgin” resources in the environment. Fo! 
example, quantities of recycled materials measured in the 
MEFA can be compared against the total demand for mate: 
rials to assess the impact of recycling on the rate of deple- 
tion of resource stocks. 


International comparisons 


In 1994, the United States Bureau of Economic Analysis 
(BEA) produced the /ntegrated Economic and Environmen 
tal Satellite Accounts. These are strictly monetary accounts 
with no physical counterparts. Included in the asset accoun 
are values of timber, land and subsoil assets for the yeat 
1987 (U.S. Bureau of Economic Analysis, 1994). Of all the 
international work done in the area of monetary valuation o 
subsoil assets, the methods used by BEA are the most sim: 


1. The resource flows measured in the MEFA include those from resource 
imports and waste recycling, as well as those from extraction of virgir 
resources. 
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r to the methods employed in the NRSA. However, the 
uation method for timberland differs from that used in the 
3SA. The BEA’s method is based on stumpage value es- 
nates derived from observed data on market transactions 
logging rights. The BEA’s estimates of land value are 
ised on observed real estate values for agricultural land 
id land underlying structures. This method is similar to 
at used by Statistics Canada to value agricultural and 
lilt-up land. 


ustralia has released experimental estimates of natural 
source stock values as part of its national balance sheet 
id reconciliation accounts covering the years 1989 to 
92 (Australian Bureau of Statistics, 1995). Like Canada, 
set of physical accounts for subsoil and timber assets are 
esented in addition to monetary accounts. The monetary 
counts of subsoil assets present a range of value esti- 
ates based on a present value method using discount 
tes of 5, 7.5 and 10 percent. The Australian timber stock 
lues are estimated by multiplying stumpage price per cu- 
> metre by the volume of sawlogs and pulplogs harvested 
id discounting the result to a present value, again using a 
nge of discount rates. Like the United States and Canada, 
istralia’s land value estimates include only agricultural 
id commercial land, with no estimates for the value of oth- 
types of land. 


1e World Bank has produced estimates of wealth for 192 
untries, including Canada, for the year 1994 (World Bank, 
197). The estimates include values for natural capital (min- 
als and fossil fuels, timber, non-timber benefits and vari- 
is classes of land), human capital and produced capital. 
1e values of land, timber and subsoil assets are estimated 
ing a present value method with a discount rate of 4 per- 
nt. This is similar to the method used in the NRSA. Values 
r protected lands are based on the value of alternative 
es of the land (that is, an opportunity cost approach). 


2veral European countries (notably Germany, France, the 
atherlands and the United Kingdom), as well as the Euro- 
2an Community, have made substantial progress in the 
ea of land accounting. 


1e European Community initiated the Coordination of In- 
rmation on the Environment (CORINE) program in 1985. 
represents an environmental information system for the 
Jropean Union that includes land-cover and land-use da- 
. The CORINE project is expected to include 12 countries. 


Germany, land statistics are collected through CORINE 

1d the Statistical Information System on Land Use. From 
ese data, a land account will be set up for land use and 
nd cover. Stock and flow accounts will show the effects of 
atural processes and human activities (Federal Statistical 
ffice of Germany, 1994). 


France, CORINE is accompanied by an annual land-use 
irvey, Ter-Uti, for France’s land accounting program. Sim- 
ir accounts to those produced by Germany will show 
Wanges in land use and land cover in a matrix format (In- 
itute francais de l'environnement, 1994). 
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Land accounting in the Netherlands includes changes in 
land cover, land use and land value. Land is classified using 
35 use and cover categories. Like Canada, the value of land 
is included in the Dutch national balance sheet accounts. 


Information on land cover, landscape features and habitats 
in the United Kingdom is obtained from the Countryside 
Survey and is to be integrated with the CORINE land-cover 
Classification. The United Kingdom has also produced a 
classification of land-use changes, focusing on changes in 
urban and rural land uses (United Kingdom Department of 
the Environment, 1994). 


3.2 Physical versus monetary 
accounts 


A comprehensive description of the stocks of natural re- 
sources and their contribution to the economy is not possi- 
ble without physical data. While monetary valuation of 
Canada’s resources is necessary in order to calculate the 
wealth associated with natural resource assets, these val- 
ues alone cannot clearly indicate trends in the remaining re- 
serves of minerals or stocks of timber. Physical accounts of 
resource stocks provide measures of resource availability in 
the medium or long term by portraying the size of the na- 
tion’s resource base and indicating whether or not we are 
maintaining that base (Born, 1997). A complete version of 
the NRSA is therefore produced in physical terms. This ver- 
sion serves as the basis on which the monetary version of 
the accounts is built. 


While physical data play a necessary role in the measure- 
ment and evaluation of natural resource stocks, they are not 
themselves sufficient for a complete understanding of these 
stocks. Physical data are often difficult to aggregate due to 
the use of different units of measure (tonnes versus hec- 
tares for example). Even when physical stock measures are 
commensurable, the results of aggregation are often mean- 
ingless. Summing gold reserves with nickel reserves and 
reporting the result as “x” million tonnes of metallic minerals 
does not yield a result that can be readily interpreted. Thus, 
assessment of sustainability with physical data alone can 
be difficult.’ If timber stocks increase in physical terms while 
natural gas stocks decrease, how can it be determined if the 
total stock of natural capital has increased, decreased or re- 
mained the same (Victor, 1991)? In many cases, the sim- 
plest way to make such comparisons is to calculate and 
compare the monetary value of the stocks. 


3.2.1 Valuation in the NRSA 


Valuation of natural resource asset.stocks in the NRSA 
would ideally be based on observed market-values for 
transactions in these assets. Such values are*not-available 


1. See Section 1.3 in Chapter 1 for a fuller discussion of sustainable devel- 
opment and natural capital stocks. 
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for most resource assets however, since there are few 
transactions in resource assets in their “natural” state. Cur- 
rently, market values are available in Canada only for agri- 
cultural land and land under residential and commercial 
buildings. Estimates of market value must be derived indi- 
rectly for other resources. 


‘The concept of economic rent 


The indirect estimation of market values of natural resource 
assets in the NRSA rests first on the estimation of a return 
to the resource, often referred to as economic rent (or re- 
source rent). 


The revenue generated from selling natural resources re- 
flects both the costs of their extraction'—including the costs 
of materials, labour and produced capital—and a return to 
the resource itself. The latter is the economic rent attributa- 
ble to the resource, which serves in the NRSA as the basis 
for estimating the market value of the total stock of the re- 
source asset. Resource rent for a given resource asset is 
defined empirically as the difference between total revenue 
generated from extraction of the resource and all costs in- 
curred during the extraction process, including the cost of 
produced capital, but excluding taxes, royalties and other 
costs that are not directly due to the extraction process. 


Estimating resource rent 


In Canada, governments are primarily the owners of the 
natural resources within their boundaries. As landlords, 
governments should in theory collect the entire rent derived 
from extraction of the resources they own. Resource rent is 
normally collected by governments through fees, taxes and 
royalties levied on companies that carry out extraction. The 
ideal means of estimating the economic rent attributable to 
a resource would be to equate it with the fees, taxes and 
royalties collected from the companies involved in the re- 
source extraction. However, data on these charges are in- 
appropriate in Canada,* so resource rent must instead be 
imputed using various indirect methods. 


As noted above, resource rent is defined as the revenue 
generated from the sale of a resource asset less all costs in- 
curred in its extraction, including the cost of produced capi- 
tal. It is relatively straightforward to estimate the non-capital 
costs of resource extraction (that is, the costs of materials 
and labour). The data necessary to estimate non-capital 
costs are typically available directly from Statistics Canada 
surveys. Estimating the cost of the produced capital used in 
resource extraction, in contrast, is more difficult. 


1. The term “extraction” when used to refer to natural resources in the gen- 
eral sense should be understood to include both the extraction of subsoil 
resources as well as the harvesting of renewable resources like timber or 
fish. 

2. Anumber of difficulties can be cited. For example, not all rent is collected 
through fees, resource taxes and royalties. Some subsoil asset rent is col- 
lected through corporate income taxes for example, making it difficult to 
determine the exact amount of rent collected. In the case of timber assets, 
fees are set administratively rather than by public auction. It is therefore 
difficult to know whether or not they capture the full rent attributable to the 
assets. 


In theory, the annual cost, Cx, of the produced capital? usec 
in a resource extraction activity can be calculated as: 


Cy = 1K +6 ate es 


where 6 is the annual rate of depreciation of the producec 
capital stock and rK is the return to produced capital. 


The annual rate of depreciation (5), or capital consump 
tion allowance, is an approximation of the value of producec 
capital that is lost (or “used up”) in each year that the capita 
is employed.* The depreciation estimate is based on thé 
current replacement cost (rather than the original purchase 
cost) of the produced capital stock employed in the activity 
The data required to make this estimate are readily availa 
ble from Statistics Canada capital stock data. 


Estimating the return to produced capital (rk) is less the 
oretically straightforward than estimating depreciation, a 
there are at least two ways in which the concept of return t 
produced capital can be interpreted. It can be interpreted 
for instance, as the opportunity cost of the investment in the 
produced capital assets. This opportunity cost could be es 
timated as the average real rate of return on investmen 
elsewhere in the economy. Alternatively, return to producer 
capital could be seen as covering the cost of financing th 
acquisition of the produced capital stock. In this case, ust 
of the interest rate on bonds and/or the return on shares i 
resource industries is appropriate for use as the value of 
in Eq. 3.1. Financing costs could be estimated using eithe 
the nominal interest rate (reflecting actual payments made 
or the real rate (adjusted for inflation by deducting the ex 
pected rate of inflation from the nominal rate). Use of a ree 
rate requires the assumption that produced capital stock: 
appreciate in value with time, offsetting part of the interes 
cost. This gain in value is realizable only if the capital good. 
are sold however. 


The second interpretation of return to produced capital i 
the one adopted in the NRSA. An interest rate based ot 
long-term industrial bond rates is taken as the value of rfo 
use in estimating the return to produced capital in the ac 
counts (written as Fin what follows). A nominal value of thi 
interest rate is used, on the assumption that capital good. 
used in resource extraction are fully depreciated and nc 
sold in order to realize any gain in the assets’ value. 


Starting from Eq. 3.1 as the basis for estimating the cost ¢ 
produced capital, two estimates of resource rent are madi 
in the NRSA (Section A of Text Box 3.4). In the first of thes: 
estimates (Eq. 3.2 in Text Box 3.4), the cost of produce 
capital is taken to be equal to the annual depreciation of th 
produced capital stock employed in extraction (5) plus th 
return to produced capital (7K). This estimate yields a lowe 


3. The produced capital stock used in a resource extraction activity is meas 
ured at the end of each year as the sum of the extraction industry’s capite 
investments, net of accumulated depreciation. 

4. The depreciation of the produced capital stock, which is a purely monetar 
measure, should not be confused with the physical depletion of th 
resource stock that occurs as a result of extraction. 
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Text Box 3.4 


Alternative Methods of Valuing Subsoil and Timber Asset Stocks 


A. Estimation of resource rent 


RR, = TR - C - (fK + 8) (lower bound) Eq. 3.2 
RR, =TR-C-d(upperbound) Eq. 3.3 


B. Valuation of subsoil assets 


1. Net price | (positive return to produced capital) 


Vi =(RR/Q)S Eq. 3.4 
2. Net price Il (zero return to produced capital) 
Vip = (RRY/Q)S : Eq. 3.5 
mE Present value (zero return to produced capital) 
_ RR 
PVs > tt Eq. 3.6 
geil +.) 


_C. Valuation of timber assets 


1, Present value | (positive return to produced capi- 
tal) 


PY, = RR Vg Eq. 3.7 
2. Present value Il (zero return to produced capital) 
PV = RR/rg Eq. 3.8 


Definition of symbols: 


5 = depreciation of the produced capital stock 


C = annual non-capital extraction costs, including 
fuel, electricity, materials, supplies and wages 

K = produced capital stock valued at replacement 
cost 


PV = present value of the resource stock 
Q  =annual quantity of the resource extracted 


RR = annual resource rent 


S_ = stock of remaining recoverable or established 
reserves 
T  =life of the reserve 


TR. = total annual revenue from resource extraction 
V__=net price value of the resource stock 
rg = Treal provincial government bond rate 


rf; = nominal long-term industrial bond rate 


t _ = current year 


Note: 
1. The expression for calculating the present value of an income stream simplifies 
to (annual income)/(interest rate) when the time period is infinite. 


ound on resource rent, as a portion of the total return to 
apital in the resource extraction activity is explicitly as- 
gned to the produced capital; this portion is represented 
y HK. 


1 theory, Eq. 3.2 is the correct method of estimating re- 
ource rent. Rent should be net of all extraction costs, in- 
uding full produced capital costs, to accurately represent 
le return to the subsoil asset. There is, however, uncertain- 
' regarding the estimation of the return to the produced 
apital (,K), particularly when resource rent is small. In the 
ase of coal and gold, for example, resource rent some- 
mes becomes negative after the deduction of the return to 
roduced capital. The reasons for this are discussed in Born 
|995). Negative resource rents suggest that the assump- 
ons made regarding the return to produced capital in Eq. 
2 may be inappropriate. By fixing the return to produced 
apital at rK, no allowance is made for relatively low rates 
f return to produced capital that are observable in the sub- 
oil resource extraction industries. 


he second estimate of resource rent made in the NRSA 
=q. 3.3 in Text Box 3.4) addresses the uncertainty associ- 
ted with estimating the return to produced capital. As can 
e seen in Text Box 3.4, Eq. 3.3 includes only the depreci- 
tion of the produced capital stock in the cost of produced 
apital. Thus, the total return to capital in the extraction ac- 
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tivity is assigned to the resource, the return to the produced 
capital stock being given a zero value. The resulting esti- 
mate yields an upper bound on resource rent. 


The “true” rent attributable to a given resource asset will lie 
somewhere between the lower and upper bounds estab- 
lished by Eq. 3.2 and Eq. 3.3. 


Estimating resource stock values 


As shown in sections B and C of Text Box 3.4, the two esti- 
mates of resource rent resulting from the contrasting as- 
sumptions regarding the cost of produced capital are 
applied in the estimation of subsoil and timber asset stock 
values in the NRSA (Eq. 3.4 to Eq. 3.8). The use of both rent 
estimates results in lower- and upper-bound estimates of 
the value of Canada’s resource asset stocks. Until a sound 
empirical means of estimating the return to produced capital 
can be found, both estimates of resource rent will continue 
to be used in stock valuation. As just mentioned for rent, the 
“true” stock values will lie somewhere between the lower 
and upper bounds established by the methods presented in 
Text Box 3.4. 


1. For a more detailed discussion of the cost of produced capital see Born 
(1992 and 1995b). 
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Estimating the market value of any resource asset stock is 
complicated by the fact that extraction of the stock takes 
place over a long time period. In theory, the market value of 
a resource asset stock should equal the discounted value of 
the future stream of resource rent realizable from the stock. 
Discounting future rent to a present value is necessary be- 
cause, from today’s perspective, income earned from re- 
source extraction in the future is worth less than that earned 
today. | This is the essence of the present value methods 
that are presented in Text Box 3.4 (Eq. 3.6, Eq. 3.7 and Eq. 
3.8). 


A second method of stock valuation—the net price method— 
is applied to subsoil assets in the NRSA (Eq. 3.4 and Eq. 
3.5 in Text Box 3.4). As explained below, this method, which 
is based on the so-called Hoteiling model,? eliminates the 
need for discounting future income by making certain as- 
sumptions about the rate of increase of resource prices. In- 
ternational consensus has not yet settled which method of 
subsoil asset valuation is the most appropriate, net price or 
present value. The NRSA therefore presents stock value 
estimates for Canada’s subsoil assets based on both meth- 
ods and will continue to do so until such time as consensus 
is reached on a single valuation method. 


Valuation of non-renewable resources 


As just noted, the valuation of non-renewable resource 
stocks (subsoil assets) is carried out using both the present 
value method and the net price method in the NRSA (Sec- 
tion B of Text Box 3.4). 


The net price method is based on the Hotelling model, 
which assumes that under certain market conditions non- 
renewable resource rent will rise at a rate equal to the rate 
of discount (or interest rate) as the resource becomes 
scarce.? Under these circumstances, the value of the re- 
source stock can be calculated simply as the current rent 
per unit of resource times the size of the stock (Landefeld 
and Hines, 1985). Because rent rises over time at a rate that 
is exactly sufficient to offset the discount rate, there is no 
need to discount future resource income. 


Two net price calculations are employed for valuing subsoil 
assets in the NRSA, (Eq. 3.4 and Eq. 3.5 in Text Box 3.4), 
one for each of the two methods of estimating resource rent 
described above. 


lt is well documented in the literature that the net price 
method suffers from several empirical and theoretical weak- 
nesses. An alternative valuation of subsoil assets based 


_ 


. Unless the price, or rent, of the resource asset rises at a rate matching the 
rate of income growth attainable in alternative investments; that is, unless 
the price increases at the rate of interest. Historically, this has not proven 
to be the case for most resource assets. 

2. After the seminal work on natural resource valuation by Harold Hotelling 

(1931). 

3. The Hotelling model is generally assumed not to apply to renewable 
resources, which, if sustainably managed, do not become scarce. Renew- 
able resources that are not sustainably managed, but depleted instead, 
can in theory be valued using the Hotelling model. 

4. Section 3.3.2 discusses some of these weaknesses. 


on the present value method is therefore presented in th 
NRSA. The present value method is implemented first b 
assuming that the current annual rent from a subsoil asse 
extraction activity will remain constant for the life of the re 
serve. The stock value is then calculated as the discounte: 
present value of a series of constant rent returns over th 
life of the asset (Eq. 3.6 in Text Box 3.4). 


More complete explanations of the net price and preser 
value methods as they are applied to the valuation of suk 
soil assets are presented in Section 3.3.2. 


Valuation of renewable resources 


If one assumes that harvesting can be sustained indefinite 
ly, the value of a renewable resource asset stock can b 
calculated as the discounted present value of an indefinit 
annual stream of rent generated from harvesting the stoct 
This approach is used to value Canada’s timber asse 
stocks in the NRSA. Two variations of this present valu 
method are shown in Text Box 3.4 (Eq. 3.7 and Eq. 3.8 
one for each of the two methods of estimating resource rer 
described above. This method of timber asset valuation i 
explained in more detail Section 3.4.2. 


What discount rate to use? 


As discussed above, resource assets for which returns ar 
either delayed (growing timber) or spread over a lengthy pe 
riod of time (mineral deposits) can be valued by discountin 
the expected future income to a present value. Doing so fir 
requires the choice of a discount rate, a choice which is 0 
ten the subject of considerable debate. 


The discount rate (that is, the rate used to discount futur 
income) expresses a time preference: the preference of a 
asset’s owner for income today rather than in the future 
This time preference will vary depending on the ownershi 
of the asset. In general, individuals and businesses wi 
have higher rates of time preference than government: 
That is, individuals and businesses will tend to demand 

quicker return from ownership of a resource asset than w 
governments. Higher rates of time preference translate int 
higher discount rates. A typical “private” discount rate ar 
propriate for individuals or businesses might be in the rang 
of seven or eight percent annually. A government, or “sc 
cial,” discount rate might be a few percentage points lowe 
reflecting the longer time perspective (that is, lower tim 
preference) that governments are able to take. 


In addition to time preference, discount rates can also re 
flect the risks associated with the future returns expecte 
from resource assets. These risks include the possibility « 
price and cost changes or uncertainty about the amount 
quality of the asset available for extraction. In the NRSA 
these risks are accounted for otherwise in the stock value 
tion methods and the discount rate does not include a ris 
factor. Uncertainty about prices and costs is eliminated i 
the NRSA by the assumption that recent average prices an 
costs will remain constant into the future. Uncertainty abot 
the extent or quality of resource stocks is dealt with b 
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psig conservative stock estimates as the basis for val- 
ation. 


nother type of risk, the risk that price inflation will erode the 
lative value of future returns, is also excluded from the 
iscount rate used in the NRSA. Excluding inflation from the 
iscount rate by using a real (or inflation adjusted) discount 
ate is consistent with the assumption that recent average 
rices and costs will remain constant into the future. 


ince provincial governments are typically the owners of 
atural resource assets in Canada, the average provincial 
overnment real borrowing rate experienced over the peri- 
d since 1961 is taken as the discount rate in the NRSA. 
his rate is assumed to represent pure time preference with 
risk factor of zero, as this is the rate that investors earn on 
sk-free government bonds. The actual rate used, four per- 
ent per annum, is in line with estimates of the average real 
ate of return on long-term government bonds in Britain and 
1e United States over the past two to three decades.” 


faluation for the CNBSA 


S$ mentioned earlier, a principal function of the NRSA is to 
ravide estimates of resource asset stock values for inclu- 
ion on the CNBSA. Although the NRSA themselves cur- 
antly present a range of values for subsoil and timber 
ssets, a single value is chosen for inclusion on the balance 
heet so that only one estimate of national wealth is pre- 
ented there. 


he SNA93’s recommended method of valuing natural re- 
ource assets for inclusion in balance sheet accounts is 
ased on a present value calculation. Thus, the present val- 
e methods presented in Text Box 3.4 are used as the basis 
yr estimating the values of timber and subsoil asset stocks 
vat are entered in the CNBSA. In the case of timber assets, 
resent value II (Eq. 3.8) is used as the basis for the bal- 
nce sheet valuation. This calculation assumes no return to 
apital in the estimation of timber resource rent, yielding an 
pper bound on the value of Canada’s timber assets. Only 
ne present value calculation is done for subsoil assets (Eq. 
6); like present value II for timber assets, the present val- 
e calculation for subsoil assets assumes no return to cap- 
al in estimating subsoil asset rent. 


2.2 Other market and non-market 
values 


eyond their value as direct inputs into market activity, 
1uch of the value associated with natural resources (or, 
jore generally, the environment) is not captured in the 


_ The physical stock estimates on which the subsoil asset values are based 
can be considered conservative since only reserves with a high probability 
of existence are measured. Similarly, valuation of timber asset stocks is 
based on harvest volumes set by provincial forest managers; these vol- 
umes are determined by considering probable future growth and natural 
loss and, therefore, can be considered reasonable estimates of the sus- 
tainable harvest level. 

For a more detailed discussion of discount rates and their theoretical 
underpinnings, see Beckerman (1993). 
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Stock valuations in the NRSA. Although there is no general- 
ly accepted framework for classifying all the values associ- 
ated with natural resources or the environment, the 
following list covers many of the values. 


Use values 


* Direct-use values include the value of extraction of 
natural resources. The value of recreation and other 
non-consumptive uses of nature, such as aesthetic ap- 
preciation, can also be included among direct-use val- 
ues. Some direct-use values are part of measured 
market activity (the value of resource extraction and 
recreation for example). Others could be described as 
providing non-market benefits or having non-market 
value (the value of aesthetic appreciation for example). 


e Indirect-use values are the values associated with 
the use of the functions provided by natural resources 
or the environment. These include carbon fixation, the 
provision of oxygen, and ultra-violet radiation absorp- 
tion. 


Non-use or existence values 


e Existence values are the values placed on (or the 
benefits obtained from knowing about) the existence of 
natural resources. They are independent of the use of 
the resources. Existence values can be based, for ex- 
ample, on sympathy for a certain species. Donations 
to environmental funds that preserve remote environ- 
ments that most donors are likely never to visit are of- 
fered as evidence that existence values are a real 
component of resource values. 


e Bequest values are the values associated with assur- 
ing that natural resources are passed on to future gen- 
erations. 


Option values are the values associated with assur- 
ing the future availability of resources for one's own 
possible future use. An example is the value placed on 
maintaining natural resources as future sources of ge- 
netic material for drugs or hybrid agricultural crops. 


Non-consumptive direct-use and non-use values can be 
measured by asking what people are willing to pay for the 
benefits. Existence value, for example, can be measured by 
asking how much people are willing to pay to protect or pre- 
serve a site. The value of recreational use could be meas- 
ured by determining the maximum user fee that people are 
prepared to pay for a certain recreational experience. The 
total value of recreational use would include travel and other 
costs incurred by the user as well as the fee that the user is 
willing to pay. 


Although considerable work will be required before any 
non-use or indirect use values can be incorporated in the 
NRSA, doing so is an important goal for the future. As a first 
step, physical accounts of parkland and protected areas are 
being developed, with monetary valuation using the tech- 
niques discussed above to follow. 
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Figure 3.1 
McKelvey Box 


Discovered resources 


Undiscovered resources 


Recoverable! 


Established 


Inferred (possible) 


Hypothetical or speculative 


Increasing 

3 

Proven i Probable degree of 
; : <M Exploration and economic 

Economic | Economic reserves ee development expenditures, viability 


Marginally economic Marginal reserves 


Inferred marginal reserves 


geological conditions and 
technological improvements 


Spe econeuic | Changes in prices and extraction costs 


Other and technology 


occurrences 


ee 


Resources 


Increasing degree of geologic assurance 


Notes: 
1. Economic reserves of coal and uranium are termed “recoverable.” 


2. Economic reserves of crude oil, natural gas and crude bitumen are termed “established.” 


3. Economic reserves of metals and potash are termed “proven and probable.” 


The principal physical and monetary accounts of the SAA represent “economic reserves” only (the shaded area in the figure). These are discovered and economically defined resources. Sup 
plementary physical accounts of the SAA include both discovered and undiscovered reserves and resources. 


Source: 
Adapted from McKelvey, 1972. 


3.3. Subsoil Asset Accounts 


As mentioned in the introduction to this chapter, the Subsoil 
Asset Accounts record annual physical and monetary esti- 
mates for Canada’s stocks of: 


* crude oil; 


* natural gas and its by-products (natural gas liquids 
and sulphur); 


* crude bitumen (or tar sands); 
¢ lignite, subbituminous and bituminous coal; 


¢ metals (copper, nickel, zinc, lead, gold, silver, molyb- 
denum, iron and uranium); and 


¢ potash. 


The SAA’s stock estimates begin in 1961 for crude oil and 
natural gas and in 1976 for other subsoil assets. The phys- 
ical stock estimates and one set of monetary stock esti- 
mates! are presented in reconciliation accounts showing 
opening and closing stocks of remaining reserves from year 
to year, plus annual reserve additions and depletion. 


Much of the focus of the literature on subsoil asset account- 
ing is on the correct means of valuing the depletion of min- 
eral reserves and incorporating this value into domestic 
income figures (that is, GDP and NDP) (Ward, 1982; Hart- 
wick, 1988, 1989, 1990a, 1990b and 1991; Repetto et al., 
1989; El Serafy, 1989; and Devarajan and Weiner, 1990). 
While issues of depletion are discussed briefly in this chap- 
ter, the scope of the SAA is broader than the measurement 


1. As is explained in more detail below, several monetary valuations of sub- 
soil asset stocks are presented in the SAA. Only one of these (present 
value) is included in the reconciliation account. 


of depletion. The SAA include estimates of quantities anc 
values of subsoil asset stocks as well as the annual flows 
(both additions and depletions) that are associated witt 
these stocks. 


3.3.1 Physical Accounts 


The Physical Subsoil Asset Accounts (PSAA) present an: 
nual estimates of the quantities of subsoil asset stocks (o 
reserves)* occurring in Canada. One of the major challeng; 
es in compiling these accounts is determining what portior 
of the total resources found in Canada are rightly consid: 
ered economic reserves and therefore measured in the 
PSAA. 


Subsoil resources are defined as all deposits of subsoil as 
sets occurring in Canada, whether these deposits are 
known to exist as a result of exploration or whether they are 
hypothetical or speculative. By definition, total resources 
can never be measured accurately, as a portion of the tota 
must always remain uncertain. Economic reserves of sub: 
soil assets, in contrast, are defined as resources that are 
known to exist with a high degree of geological certainty anc 
that are economically viable under current market and tech: 
nological conditions. They are those resources that mee 
the SNAQS criteria for treatment as tangible non-producec 
assets (see page 24). 


As alluded to above, reserves and resources are generally 
classified by the degree of economic viability and geologica 
certainty with which the assets are known to exist. The 
McKelvey Box shown in (McKelvey, 1972) illustrates a clas: 
sification of subsoil reserves and resources with respect tc 
economic viability (vertical axis) and geological certainty 


2. The terms “reserves” and “stocks” are used interchangeably with respec 
to subsoil assets. 
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able 3.3 
subsoil Asset Reserve Classification 


Subsoil asset Reserve definition 


Crude oil Established 
Natural gas (marketable) < Established 
Natural gas by-products! Established 
Crude bitumen (tar sands) Established 
Coal? Recoverable 
Uranium Recoverable 


Other metals? Proven and probable 


Potash Proven and probable 


otes: 

_ Ethane, propane, butane, pentanes-plus and sulphur. 

_ Bituminous, subbituminous and lignite. 

_lron, nickel, copper, zinc, lead, molybdenum, gold and silver. 


horizontal axis). The boundary between discovered and 
indiscovered resources fluctuates as the result of mining 
ompanies’ investments in exploration and development, 
ind differing geological conditions. 


he boundary between economic reserves and sub-eco- 
iomic resources is affected by the relationship between 
rices and extraction costs, and technological improve- 
nents. Discovered reserves are those that occur in produc- 
1g areas, and undiscovered resources are those in non- 
roducing areas or in non-productive strata in producing ar- 
as. 


‘he literature dealing with subsoil resources has not yet 
volved a single naming convention for reserves. Thus, 
conomic reserves of crude oil, natural gas and its by-prod- 
icts, and crude bitumen are termed established; those for 
oal and uranium are termed recoverable; and those for 
netals and potash are termed proven and probable (Table 
}.3). These are the reserve definitions adopted for use in 
he physical accounts of the SAA. The reason for the adop- 
ion of these definitions is twofold: the data obtained from 
rovincial and federal government departments are report- 
1d in this manner; and the definitions represent conceptual- 
y similar measures for each of subsoil resource. A detailed 
lescription of the rationale for the reserve and resource def- 
nitions used in Canada is beyond the scope of this volume. 


efinition of crude oil, crude bitumen and 
atural gas reserves 


Reserve estimates for crude oil, crude bitumen (tar sands), 
atural gas and its by-products (propane, butane, ethane, 
yentanes plus and sulphur) are provided by the Canadian 
\ssociation of Petroleum Producers,' the Alberta Energy 
ind Utilities Board (formerly known as the Alberta Energy 
Resources Conservation Board),* the National Energy 


. Canadian Association of Petroleum Producers, Statistical Yearbook, Cal- 
gary. 
Canadian Association of Petroleum Producers, CPA Review, Calgary. 
2. Alberta Energy and Utilities Board, Alberta's Reserves of Crude Oil, Oil 
Sands, Gas, Natural Gas Liquids and Sulphur, ERCB ST. 
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Board (1988) and other provincial government agencies. 
They are reported by these agencies as established re- 
serves. Established reserves are: 


those reserves recoverable under current techno- 
logical and present and anticipated economic con- 
ditions, specifically proved by drilling, testing or 
production, plus that judgement portion of contigu- 
ous recoverable reserves that are interpreted to 
exist from geological, geophysical or similar infor- 
mation, with reasonable certainty (Tanner, 1986; p. 
22). 


The PSAA measure quantities of remaining established re- 
serves, annual extraction of these reserves, and additions 
as the result of discoveries, development, revisions and en- 
hanced oil recovery.? 


The definition of established reserves allows for advances 
in current technology and a reasonable forecast of econom- 
ic conditions. Tanner (1986) suggests that the definition of 
proven reserves is too conservative for macro-economic 
planning and that established reserves better reflect the re- 
sources that will be available for national production and 
consumption. 


Definition of coal reserves 


Coal resources and reserves are defined according to three 
sets of criteria: resource feasibility, assurance of existence 
and technology (Table 3.4). A detailed description of this 
classification is presented by Born et al. (1995). Although 
the uncertainty of coal reserve and resource estimates in 
these categories varies, experience with Canadian coal de- 
posits suggests that measured resource quantities are nor- 
mally known within 10 percent, indicated resources within 
20 percent and inferred resources within 50 percent of esti- 
mates. 


Coal that is anticipated to be mineable based on feasibility 
studies, existing technology and current economic condi- 
tions is classified as a recoverable resource in the technol- 
ogy class. In-place coal is equivalent to recoverable 
resources before recovery factors are applied (Hughes et 
al., 1989).4 


Portions of measured and indicated coal resources of im- 
mediate interest that are the most likely to be developed 
commercially are called reserves.” Only those reserves 
that are recoverable in active mines are included in the 
PSAA, since only they have a high probability of being ex- 
tracted in the foreseeable future. 


3. Primary recovery methods generally obtain about 30 percent of the crude 
oil in the ground (60 to 90 percent for natural gas in Alberta). Enhanced 
(“secondary and tertiary”) recovery methods are employed to increase 
these recovery rates. 

4. Recovery factors are percentages that reflect the portion of in-place 
reserves likely to be extractable from a given seam. Recovery factors 
range from 50 to 90 percent depending on the type of coal seam in ques- 
tion. 

_In Alberta, coal reserves are called in-mine established reserves, and are 
approximately equivalent to recoverable reserves in active mines. 


oO 
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Table 3.4 a ; 
Coal Resource and Reserve Classification 


Coal resources Coal reserves 


silt Immediate Future Active Not in active 

Feasibility class interest interest mines mines 
Measured and 

indicated (established) 


Measured, indicated 


Assurance class inferred, speculative 


Technology class In-place Recoverable 


Source: 
Hughes, et al., 1989. 


Table 3.5 
Coal in Canada 
Share of 1992 


Canadian 
Coal type Potential uses Location production 
Thermal coal, 
Anthracite rer gheee eras Nova Scotia 
production. 
British Columbia 26 
Pee Metallurgical and stave He 
reper pecs Nova Scotia 7 
New Brunswick 1 
Subbituminous Thermal coal Alberta 35 
Lignite Minette: ureririal Saskatchewan 15 


coal 


Source: 
Born et al., 1995. 


So that Canada’s coal reserves are accurately depicted, the 
coal account of the PSAA is presented by type of coal. Ca- 
nadian coal ranges from lower quality lignite and subbitumi- 
nous coal to higher quality bituminous and anthracite coal. 
Table 3.5 shows the different types of coal found in Canada 
and their uses, location and production share in 1992. Note 
that subbituminous coal and lignite are reported together in 
the PSAA. 


Definitions of metal and potash reserves 


The physical accounts of metals include reserve estimates 
for copper, nickel, zinc, lead, gold, silver, molybdenum, iron 
and uranium. Estimates of potash reserves are also includ- 
ed in this component of the PSAA. Reserve data for iron 
and potash are not readily available in Canada and are ob- 
tained instead from the U.S. Bureau of Mines. ! 


The physical accounts measure proven and probable re- 
serves of metals and potash in producing mines and depos- 
its. Proven reserves are defined as: 


the estimated quantity and grade of a mineral body 
for which information is so well established with re- 
spect to size, distribution of values, grade, deposit 
walls, and thickness, that there is the highest de- 
gree of confidence as to the quantity and grade 


1. U.S. Bureau of Mines, Mineral Commodity Summaries, Washington DC. 


that can be mined at a profit (Canadian Institute of 
Mining, Metallurgy and Petroleum, 1994). 


A probable reserve is defined as: 


the estimated quantity and grade of a mineralized 
body for which sufficient information on continuity, 
extent, grade distribution, operating and capital 
costs, etc., is available to form the basis of a study 
indicating an economically viable operation at 
long-term forecast average metal prices. This 
could require at least a preliminary feasibility study 
for a future mining operation with a confidence lev- 
el high enough to allow positive decisions con- 
cerning major capital expenditures (op. cit.). 


Companies are able to estimate proven reserves with an 
accuracy of five percent, while probable are estimated with- 
in ten percent (Table 3.6). 


Metals contained in mineral resources classified by compa- 
nies as “possible” are not included in reserve totals, nor are 
metals contained in deposits that have not advanced be- 
yond the exploration or deposit appraisal stages. Whenever 
possible, only recoverable metal in mineable ore is included 
in reserve totals so as to exclude losses inherent in the min- 
ing process (Lemieux, 1995).? 


Definition of uranium reserves 


For purposes of the SAA, reserve data obtained from the 
Uranium Resource Appraisal Group of Natural Resources 
Canada (Whillans, 1997) are aggregated to reflect the re- 
serve Classifications used for other subsoil resources. 
These reserves, which are those that are mineable at the 
prevailing uranium prices at the time of the reserve assess- 
ment, are termed recoverable. 


Canada’s subsoil resource base: 
supplementary physical SAA 


Beyond the detailed, annual physical accounts of economi- 
cally recoverable reserves, the PSAA also included supple- 
mentary, point-in-time accounts of Canada’s ultimately 
recoverable resource base. Ultimately recoverable re- 
sources are defined as the total of discovered and undis- 
covered recoverable resources. Discovered recoverable 
resources are those resources that are estimated to be re- 
coverable from known deposits using current technology 
and under current economic conditions.* Undiscovered re- 
coverable resources are those that are estimated to be re- 
coverable from resources that are believed to exist on the 
basis of available geological and geophysical evidence but 
have not yet been shown to exist by drilling, testing or pro- 
duction. 


2. Recoverable metal is defined as total metal in the ore less losses due t¢ 
the milling, smelting and refining processes. Not all metal reserve data art 
reported net of these losses. 

For an extensive description of the uranium reserve classification used it 
Canada, see Energy, Mines and Resources (1991). 

4. Discovered recoverable resources are equivalent to economic reserves. 


wo 


: 
: 
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Table 3.6 
Metal Reserve and Resource Classification by Exploration and Development Phase 
Mineral resource Mi ‘ ; 
assessment Spleen Mee Pride ips 
Accuracy of estimates! +/- 100% +/- 100% +/-60%  +/-40%  —-+/- 20% —-+/-10% +/- 10% +/- 5% 


Low, but increasing, investment 
Investment Moderate Very high, but decreasing, 
risk of failure 
and financial loss 


Much larger and increasing investment 


; Large industrial investment 
High, but decreasing, risk of failure ? 


; Undelimited mineral re 
Mineral Inventory sources 


Delimited mineral resources Ore reserves 


Speculative Hypothetical Inferred 


Notes: 
1. Expected margin of error of estimates at the 90% confidence level. 


Indicated and measured Proven and probable 


The Shaded area denotes the reserves that are included in the physical and monetary accounts of the SAA. 


Source: 
Lemieux, 1995. 


The broader physical assessment of ultimately recoverable 
resources is included in the SAA because the main physical 
and monetary accounts, being limited to economic re- 
serves, measure a (Sometimes very) small fraction of total 
resources. Economic reserves are conservative estimates 
of available stocks based on current technology and mar- 
kets. In the case of crude oil, remaining economic reserves 
represent 38 percent of known reserves and only 11 per- 
cent of ultimately recoverable resources. For crude biiu- 
men, economic reserves represent only one percent of 
known reserves. For natural gas, economic reserves are 62 
percent of known reserves and 13 percent of ultimately re- 
coverable resources. The estimates of the ultimately recov- 
erable resource base present a more complete picture of 
the resources available to Canada in the long run (Born, 
1997). 


Currently, the supplementary physical accounts of ultimate- 
ly recoverable resources are limited to energy resources 
(oil, natural gas, crude bitumen, coal and uranium) for the 
year 1992.' The estimated ultimately recoverable energy 
resources are large and the estimates are revised only pe- 
riodically. For this reason, the SAA does not show an annu- 
al time series of ultimately recoverable resource estimates, 
but presents periodic “snapshots” instead. 


3.3.2 Monetary accounts 


The Monetary Subsoil Asset Accounts (MSAA) present an- 
nual estimates of the value of Canada’s economically re- 
coverable reserves of subsoil assets. A principal purpose of 
the MSAA is to value subsoil asset stocks for inclusion in 
the CNBSA. 


As explained in Section 3.2.1, valuation of subsoil assets is 
ideally based on observed market values for transactions in 
these assets. Such values are not generally available how- 
ever, as there are relatively few transactions in subsoil as- 


1. The data required to show similar estimates for assets other than energy 
resources do not exist at this time. 


sets in their underground state. Indirect methods of 
valuation are therefore used to estimate the market value of 
subsoil asset stocks in the MSAA. 


For the purpose of the MSAA, only those reserves that are 
recoverable using existing machinery, equipment and struc- 
tures, and under current economic conditions are meas- 
ured. These are the reserves defined above as 
“established” in the cases of oil, natural gas and crude bitu- 
men, as “recoverable” in the cases of coal and uranium, and 
as “proven and probable” for metals and potash. 


Caiculation of subsoil asset stock values 


Two methods of valuation are used to estimate stock values 
in the MSAA: 


¢ net price 
° present value.? 


Many of the issues surrounding the use of these methods to 
value resource assets have already been discussed in Sec- 
tion 3.2.1 and are not given detailed coverage again in this 
section. Only the specific application of the methods to the 
valuation of subsoil assets is discussed at length here. For 
the reader's convenience, Text Box 3.5 repeats the alge- 
braic descriptions of the net price and present value meth- 
ods for subsoil assets presented earlier in Text Box 3.4. 


Net price method 


The net price method for subsoil asset valuation is based on 
the so-called Hotelling model (Hotelling, 1931). This model 
assumes that in a perfectly competitive market the price of 
the marginal unit of a non-renewable resource—net of ex- 
traction, development and exploration costs (including cap- 


2. A third method of valuation, the replacement cost method, has also been 
applied to the valuation of oil and gas reserves in Alberta (Born, 1992). In 
this method, exploration and development costs per unit of reserve addi- 
tion are multiplied by the volume of remaining established reserves to 
obtain the value of the stock. This method is considered experimental and 
is not discussed further in this volume. For those interested, more details 
on the meiliod are provided by Born (1992). 
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Text Box 3.5 , 
Methods of Valuing Subsoil Asset 
Stocks 


Estimation of resource rent 
RR, = 7TR-C- (5K +8) (lower bound) Eq: 3.2 


RR, = TR-C-6 (upper bound) Eq. 3.3 


1. Net price | (positive return to produced capital) 


2. Net price Il (zero return to produced capital)! 
Vii = (RR\/Q)S EG. 3.6 
3. Present value (zero return to produced capital) 
Pt AAS 
PY = a Eq. 3.6 
t 

t=4 (1 + ry) 
Definition of symbols: 
6 =depreciation of the produced capital stock 


C =annual non-capital extraction costs, including 
fuel, electricity, materials, supplies and wages 


K =produced capital stock valued at replacement 
cost 


PV =present value of the resource stock 
Q  =annual quantity of the resource extracted 
RR = annual resource rent 


S  =stock of remaining recoverable or established 
reserves 


T  =life of the reserve 

TR = total annual revenue from resource extraction 
V_=net price value of the resource stock 

fg = real provincial government bond rate 

rf, = nominal long-term industrial bond rate 


t... = current year 


Note: 

1. In the SAA, net price II is actually calculated as /(TR - C)/QJS - K. See the 
discussion of net price II in the text for a proof of the equivalence between this 
formulation and Eq. 3.5. 


ital costs)—will rise over time at a rate equal to the rate of 
interest. This is known as the Hotelling “r-percent” rule (Lan- 
defeld and Hines, 1985). Under such a regime there is no 
need to discount future income to account for the devaluing 
effect of inflation. This leads to the useful result that the val- 
ue of the stock of a non-renewable resource can be calcu- 
lated simply as the net price (or rent) per unit of resource 
times the size of the resource stock. ' 
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Variations of this method have been used to value mineral 
assets in several recent studies. Repetto et a/. (1989) used 
the net price method to calculate the value of petroleum re- 
serves in Indonesia. Smith (1992) has calculated value es- 
timates for crude oil and natural gas reserves in Alberta 
using a net price method similar to that used by Repetto et 
al. 


Two variations of the net price method are used in the 
MSAA, one for each of the methods of estimating resource 
rent discussed in Section 3.2.1 (Eq. 3.2 and Eq. 3.3 in Text 
Box 3.5). 


Net price | 


The first version of the net price method (Eq. 3.4 in Text Box 
3.5) employs the lower-bound estimate for resource rent 
calculated according to Eq. 3.2. In this estimate, the cost of 
the produced capital used in subsoil asset extraction is tak- 
en to include both the annual depreciation of the produced 
capital stock (5) plus a return to the capital (7K). The latter 
is calculated as the produced capital stock employed in a 
given subsoil asset extraction activity (K) multiplied by the 
average long-term corporate bond rate in Canada (Ff). 


In net price |, per-unit subsoil asset rent is first calculated by 
dividing the rent from Eq. 3.2 (RA) by the annual quantity 
of subsoil asset extracted (Q). The rent per unit of asset is 
then multiplied by the quantity of remaining reserves (S) 
(taken from the PSAA) in order to estimate the market value 
of the asset stock. As net price | makes use of the lower- 
bound estimate of resource rent, the resulting estimate of 
the market value of the stock also represents a lower 
bound. 


Net price Il 


Net price version II (Eq. 3.5 in Text Box 3.5) makes use of 
the upper-bound estimate of resource rent calculated ac- 
cording to Eq. 3.3. This results in upper-bound estimates of 
the market value of subsoil asset stocks. With the exception 
of the use of a different estimate of resource rent, net price 
Il is theoretically identical to net price |. It should be noted, 
however, that the actual form of net price II that is used in 
the MSAA differs from that presented in Eq. 3.5. The deri- 
vation of the form of net price Il used in the MSAA is given 
below. 


First, re-writing Eq. 3.5 with RR, expanded into its compo- 
nents gives: 


Vi = (RR /Q)S Eq 3.5 
=[(TR-C- dy/Q\s Eq. 3.5a 
= [(TR - C)/Q\S - (6/Q)S Eq. 3.5b 


1. The net price method is actually a special case of the present value 
method in which average long-run market equilibrium occurs (that is, the 
net price rises at the rate of interest) and the rise of the net price exactly 
offsets the discount rate. 
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Given an assumption of a constant annual rate of extraction 
(Q), S/Q can be taken to define the life of the reserve, T, 
and Eq. 3.5b can be rewritten as: 


= [(7TR - C)/Q\S - 8T Eq. 3.5c 


Assuming also that the produced capital employed in sub- 
soil asset extraction has a useful life that is just equal to the 
ife of the asset reserves, 57 can be taken to be equal to K, 
lhe value of the produced capital stock (that is, the annual 
Jepreciation times the life of the capital stock is equivalent 
io the total value of the capital stock). Eq. 3.5c can thus be 
rewritten as: 


=[(TR - C)//Q|S- K Eq. 3.5d 


it is Eq. 3.5d that is the form of net price Il used to calculate 
subsoil asset stock values in the MSAA. This form is fa- 
voured over Eq. 3.5 because it produces a smoother time 
series of stock value estimates than does the latter. 


Weaknesses of the net price method 


The ability of the net price method, and the Hotelling model 
on which it is based, to describe and predict the behaviour 
of actual subsoil asset markets is an area of considerable 
debate. Empirical analysis shows that the net price method 
lends to overestimate the market value of subsoil assets, a 
result that does not, in general, support the Hotelling mod- 
al’s assumptions. Indeed, the strong assumptions of the 
Hotelling model do not hold for subsoil asset markeis in 
Canada, as the model ignores the constraints imposed by 
natural and economic factors in subsoil asset extraction. 
Furthermore, the price paths of crude oil and natural gas in 
recent years are quite different from those that would be 
predicted based on the Hotelling model. 


Readers interested in a more detailed discussion of the Ho- 
felling model and net price method are referred to Born 
(1992). 


Present value method 


Given that the net price method suffers from a number of 
shortcomings, an alternative method of valuation, based on 
the well-known formula for calculating the present value of 
a stream of future income, is also used in the MSAA (Eq. 3.6 
in Text Box 3.5). 


In order to apply the present value method to the valuation 
of subsoil asset stocks, certain assumptions about the fu- 
ture behaviour of key variables are first required. First, cur- 
rent annual rates of asset extraction are assumed to remain 
constant for the remaining life of the reserves. Second, cur- 
rent year-end resource prices and extraction costs (in real 
terms) are assumed to remain constant over the remaining 
life of the reserves. Although these assumptions may ap- 
pear somewhat restrictive, in the absence of any impartial 
means of predicting the future behaviour of these variables 
constancy is the most objective assumption possible. 


Canadian System of Environmental and Resource Accounts 


Natural Resource Stock Accounts 


The issues surrounding the choice of the discount rate in 
the present value method have been discussed in detail in 
Section 3.2.1 and will not be repeated here. In all the mon- 
etary accounts of the NRSA, including the MSAA, a four 
percent annual discount rate is used. This rate is the ap- 
proximate average real rate on provincial bonds since 1961. 


As with net price Il, the actual form of the present value cal- 
culation used in the MSAA differs slightly from that present- 
ed in Eq. 3.6. The calculation begins from Eq. 3.5d and 
arrives at an estimate of the present value of the stock by 
applying a discount factor: 


PV = o{[(TR-C)/Q]S-— Kk} Eq. 3.6a 


where the discount factor, 6, is equal to: 


IZ 


t 
Peat ala) 


Recalling that S/Q is assumed equal to T and that K is as- 
sumed equal to 57, and substituting into Eq. 3.6a for S/Q 
and K, it is possible to show that Eq. 3.6a is algebraically 
equivalent to Eq. 3.6: | 


T +I(TR- C)T -8T] 
gap ollie oe 
t=1 


Eq. 3.6b 
(1 tig) q 


which yields Eq. 3.6 upon multiplication through by T (recall 
that RR, = TR - C - 8): 


= 
Bovine: Dyula aes 


Eq. 3.6 
t 
paqehleg@) 


Eq. 3.6a is the preferred form of the present value calcula- 
tion in the MSAA because it yields a smoother time series 
of present values than does Eq. 3.6. A four-year moving av- 
erage of the stock values from Eq. 3.5d is used when apply- 
ing Eq. 3.6a in order to reduce the impact of the price 
volatility characteristic of mineral and petroleum markets on 
the present value of subsoil asset stocks. 


Present value methods similar to that used in the MSAA 
have been used by other agencies and researchers for de- 
termining the value of subsoil assets. The U.S. Securities 
and Exchange Commission and Canadian Securities Com- 
mission both require that companies report the present val- 
ue of future net cash flows from their projected production 
of proven reserves of oil and natural gas. The SNAQ3 also 
suggests using a present value method as the basis for re- 
source asset valuation. The method is outlined by Lande- 
feld and Hines (1985), Soloday (1980) and the U.S. Bureau 
of Economic Analysis (1994) for the valuation of oil, natural 
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gas and metal reserves in the United States. Japan and 
Hungary have reported present values of their subsoil as- 
sets (Blades, 1980). Finally, Uhler and Eglington (1986) 
provide present value-based crude oil and natural gas re- 
serve values for Alberta. 


Valuation for the National Balance Sheet 


Account 


As mentioned earlier, a principal function of the MSAA is to 
provide estimates of subsoil asset stock values for inclusion 
on the CNBSA. Although the MSAA currently present a 
range of values for subsoil assets, only those based on the 
present value method are included on the balance sheet. 
The choice of the present value method as the basis for the 
balance sheet valuation of subsoil assets is in line with the 
SNAQ3’s recommendation on this subject. 


The present value method yields negative values for certain 
subsoil asset stocks in some years. Since negative asset 
values present problems on balance sheets, a value of zero 
is substituted for negative subsoil asset stock values when- 
ever they occur. This approach is adopted by most coun- 
tries compiling resource stock estimates for balance sheet 
accounts. 


3.3.3 Reconciliation accounts 


Reconciliation accounts of both the physical and monetary 
estimates of subsoil asset stocks are presented in the SAA. 
The reconciliation accounts present opening and closing 
estimates of subsoil asset stocks in each year, plus the vol- 
ume changes that occur during the year. The accounts are 
structured such that the closing stock in one year is equal to 
the opening stock in the following year. Volume changes re- 
sulting from discoveries, reserve development, changes in 
extraction technology, revisions in reserve estimates, and 
extraction are recorded in both the physical and monetary 
accounts. The monetary accounts also include estimates of 
changes in stock values resulting from revaluations caused 
by changes in resource prices. Table 3.7 shows the struc- 
ture of the SAA reconciliation accounts 


In the physical reconciliation account, the closing stock of a 
period is equal to the opening stock plus additions less de- 
pletion. Depletion is equal to the quantity of resource ex- 
tracted during the period plus any downward revisions in 
reserve estimates. Additions are increases in the stock dur- 
ing the period as the result of discoveries, development, up- 
ward revisions to reserve estimates and enhanced oil 
recovery. 


The monetary reconciliation accounts present the value es- 

timates that result from the present value method. The basic 

accounting identity is: 

value of the closing stock = value of the opening stock + 
additions - depletion + revaluations. 


In order to value reserve additions and depletion, a per-unit 
asset value is first calculated by dividing the present value 
of the stock by the physical stock size. The value of addi- 
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Table 3.7 te 
Subsoil Asset Reconciliation Accounts 


Physical account Monetary Account 


[1] Opening stock [1] Value of the opening stock 


[2] Additions [2] Additions 


[3] Depletion [3] Depletion 


[4] Revaluation 


[4] Closing stock [1 + 2 - 3] [5] Value of the closing stock [1 + 2-3 + 4] 


tions is then calculated as the per-unit asset value times the 
reserve additions during the period. Similarly, the value of 
depletion is the calculated as the per-unit asset value times 
the quantity of asset extracted during the year. Revalua- 
tions due to price changes during the period are calculated 
residually: 


revaluations = value of the closing stock - 
value of the opening stock - 
additions + depletion. 


3.3.4 Data sources and methods 


Crude oil, natural gas and crude bitumen 


Reserves - The data sources used for crude oil, natural gas 
and crude bitumen employ an “established reserves” basis 
for the reserve data they report. This convention is also 
used in the SAA. The reserve data for crude bitumen are 
obtained from the Alberta Energy Resource Conservation 
Board.' Detailed descriptions of the data sources used for 
crude oil and natural gas are provided by Born (1992) and 
McCulloch (1994). 


Measurement of oil and gas reserves is an imprecise sci- 
ence at the best of times, with frequent revisions in estimat- 
ed recoverability during a well's life. The exact size of the 
economic resource is known only when the well has ceased 
to produce. In addition, there can be difficulties in separately 
identifying the various resources that are present in a given 
well. This is especially problematic for natural gas and its 
by-products. At the end of 1989, some 17 per cent of the re- 
maining reserves of marketable? natural gas occurred as 
“associated” or as “solution natural gas.” Non-associated 
gas is that found in natural reservoirs not in contact with 
crude oil, while associated gas is in contact with crude oil 
and solution gas is dissolved in crude oil at reservoir condi- 
tions. 


Value and quantity of production - Data for the value and 
quantity of production of crude oil, natural gas and crude bi- 
tumen are available from Statistics Canada for the period 
1973 to 1995.3 For the period 1955 to 1972, the Canadian 


1. Alberta Energy and Utilities Board, Alberta’s Reserves of Crude Oil, Oi 
Sands, Gas, Natural Gas Liquids and Sulphur, ERCB ST. 

2. Marketable natural gas is natural gas which meets specifications for end 
use whether it occurs naturally or through processing of raw natural gas to 
remove natural gas liquids. 


. Statistics Canada, The Crude Petroleum and Natural Gas Industry, Cata- 
logue no. 26-213. 
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ssociation of Petroleum Producers is the data source.' 
1e value of condensate® production is included with that 
rcrude oil, while production values for pentanes-plus, pro- 
ine, butane, ethane and sulphur are included in the value 
natural gas production. 


apital expenditures - The following expenditures are 
ynsidered part of the capital formation of the petroleum in- 
istry? in the SAA (and in the CSNA): 
¢ exploration drilling; 

¢ development drilling; 

* production facilities; 

¢ non-production facilities; 

¢ enhanced recovery projects; 

¢ natural gas processing plants; 

¢ other expenditures. 


ata for these expenditures are available from Statistics 
anada.* Capital expenditure data for oil and gas produc- 
S$ are combined and must be split before being used in the 
AA. In general, exploration expenditures are split accord- 
g to each resource’s share of the total depth of exploratory 
ells drilled in a year. Expenditures on development drilling, 
oduction facilities, and non-production facilities are split 
cording to each resource’s share of the total depth of de- 
lopment wells drilled in a year. Capital costs associated 
ith enhanced recovery projects are attributed to crude oil 
oduction and those associated with natural gas process 
ants to natural gas production. More detailed information 
reported in Born (1992) and McCulloch (1994). 


0 allowances are made for associated and solution natural 
as in the allocation of the petroleum industry's exploration, 
svelopment and operating costs. This is so because of 
ecedents set by other researchers and because of limita- 
ns inherent in the expenditure data. A more detailed de- 
sription of this rationale in presented in Born (1992). 


Ne value of the produced capital stock used in the petrole- 
nN industry, and of the annual depreciation of that stock, 
e obtained from the Investment and Capital Stock Divi- 
on of Statistics Canada. 


perating costs - The following expenses are included in 
e annual operating costs of the petroleum industry: 


* geological and geophysical expenditures; 


Canadian Association of Petroleum Producers, Statistical Yearbook, Cal- 
gary. 

Condensate is a mixture of pentanes and heavier hydrocarbons that isa 
by-product of crude oil extraction. 

The petroleum industry should be taken in this context to include produc- 
ers of crude oil, natural gas and crude bitumen. More specifically, it refers 
to industry group 071 (Crude Petroleum and Natural Gas Industries) of the 
Standard Industria! Classification (Statistics Canada, 1980). 

Statistics Canada, The Crude Petroleum and Natural Gas Industry, Cata- 
logue no. 26-213. 
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* field and well operations; 
* natural gas process plant operating costs; 
* other operating expenses. 


Annual operating costs are allocated between crude oil and 
natural gas in proportion to each resource’s share of total 
number of wells operating during the year. Data for these 
costs are taken from Statistics Canada sources.° 


Coal 


Reserves - Energy, Mines and Resources Canada (EMR; 
now known as Natural Resources Canada) evaluated coal 
reserves in each province in 1976, 1977, 1982 and 1985. 
With the exception of Alberta,® the physical coal accounts 
of the SAA are based on the recoverable reserve data pub- 
lished as a result of these evaluations. Estimation of coal re- 
serves has not been undertaken in other years (except in 
Alberta), necessitating estimation of reserves in missing 
years. These estimates are made by reducing the previous 
year’s reserves by the amount of coal extracted in years for 
which no reserve estimates are available.’ The EMR data 
for 1976, 1977, 1982 and 1985 are used as benchmarks for 
these estimates since they are consistent and cover. all 
coal-producing provinces. Reserve additions are calculated 
residually to correct for any discrepancies between opening 
and closing coal stocks that are not consistent with simple 
depletion. Often, adjustments of reserve additions are relat- 
ed to opening or closing of coal mines or a re-evaluation of 
the resource/reserve base. 


Alberta has the largest share of Canada’s coal reserves, 
about 60 percent of the total coal resource of immediate in- 
terest. Its reserves are also the best documented and 
measured. The Alberta Energy and Utilities Board reports 
the province’s coal reserves as established reserves (rather 
than the recoverable reserves definition that is used in all 
other provinces). Alberta produces both bituminous and 
subbituminous coal. The physical account for Albertan coal 
is compiled by combining the Alberta Energy and Utilities 
Board’s data for reserves and raw production for bituminous 
and subbituminous coal. For a more detailed description of 
coal reserve data, see Born et al. (1995). 


Production, capital costs and operating costs - Data on 
quantity and value of production and operating costs (mate- 
rials and supplies, fuel and electricity, and wages and sala- 
ries) for coal mines are available from Statistics Canada.® 
The value of the produced capital stock used in coal mines 
and the value of the annual depreciation of that stock, by 
province and coal type, are also available from Statistics 
Canada.? 


5. Op. Cit. 
6. Data for Alberta are from Alberta Energy and Utilities Board, Coal 


Reserves and personal communication, Calgary. 

7. Coal extraction data are from Statistics Canada, Coa/ Mines, Catalogue 
no. 26-206. 

8. Statistics Canada, Coal Mines, Catalogue no. 26-206. 

9. Statistics Canada, Investment and Capital Stock Division. 
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Metals 


Reserves - Physical data for Canadian metal reserves are 
obtained from the Minerals and Metals Sector of Natural 
Resources Canada. These data are derived from informa- 
tion contained in annual and other corporate reports and 
from the responses of mining companies to the annual Fed- 
eral-Provincial Survey of Mines and Concentrators. Re- 
serves are reported as metal contained in ores that are 
classified by companies as “proven” and “probable” (or their 
equivalents) at producing mines and in deposits that are 
committed to production. 


Reserves at most mines change slightly from year to year. 
It is usually a relatively small number of mining operations 
with large changes that affect the national trend in metal re- 
serves. 


Production, capital costs and operating costs - Data on 
quantity and value of production and operating costs for 
metal mines are available from Statistics Canada! and from 
the Minerals and Metals Policy Sector of Natural Resources 
Canada. The value of the produced capital stock used in 
coal mines and the value of the annual depreciation of that 
stock, by province and coal type, are also available from 
Statistics Canada.” 


Classification of metal assets - The classification of metal 
assets used in the physical account is distinct from that in 
the monetary account. While the physical account records 
reserves on a metal-by-metal basis, the monetary account 
records reserves by mine type. The classification of mine 
used in the monetary account is identical to the classifica- 
tion of mining industries in the Standard Industrial Classifi- 
cation (Statistics Canada, 1980): 


¢ gold mines; 

* copper and copper-zinc mines; 
¢ nickel-copper mines; 

¢ silver-lead-zinc mines; 

* molybdenum mines; 

* uranium mines; and 


e jron mines. 


Classification by mine type rather than metal in the mone- 
tary account precludes arbitrary decisions regarding the 
share of mine development and exploitation costs attributa- 
ble to each metal in polymetallic mines.? 


1. Statistics Canada, Metal Mines, Catalogue no. 26-223. 
2. Statistics Canada, Investment and Capital Stock Division. 
3. A polymetallic mine is one at which more than one metal is mined. 
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3.3.5 Future directions for the Subsoil 
Asset Accounts 


Future development of the SAA will be focused in several 
areas. 


¢ High priority will be give to maintaining the current cov- 
erage of the accounts through annual updates of exist- 
ing time series. 


* The possibility of expanding the coverage of the ac- 
counts to include important subsoil assets not current- 
ly measured will be investigated. The most likely 
candidates for inclusion are gypsum and other indus- 
trial minerals. 


¢ The linkage of the SAA with the MEFA (Chapter 4) wil 
be strengthened so that the effect of recycling on the 
rate of depletion of metal reserves can be better stud- 
ied. 


Finally, attention will be given to overcoming two short- 
comings of the valuation methods currently employec 
in the MSAA. The first of these is the fact that mone- 
tary values are calculated for only a small part of Can- 
ada’s known subsoil asset reserves. The second is the 
tendency of the present value method to underesti- 
mate the value of subsoil assets. 


3.4 Timber Asset Accounts 


The Timber Asset Accounts comprise two accounts—one 
physical and one monetary—describing Canada’s timber as: 
sets. These accounts currently focus on the use of the for. 
est for timber supply only. Other uses of the forest—fo: 
recreation or wildlife habitat for example—have not yet beer 
considered. Timber supply has been chosen as the initia 
orientation of the account since this is the principal econom: 
ic use of the forest in Canada. 


As mentioned, the Timber Asset Accounts (TAA) comprise 
two accounts: the Physical Timber Asset Accoun 
(PTAA) and the Monetary Timber Asset Accouni 
(MTAA). Both accounts present annual time series data be- 
ginning in 1961 at the national and provincial/territorial lev: 
els. The PTAA provides year-end quantitative measures o' 
Canada’s timber asset stocks and the impacts of harvestin¢ 
and natural events on these stocks. The MTAA, being the 
value counterpart of the physical account, presents year. 
end value estimates for these same stocks. Although the 
stocks that are valued in the MTAA are the same as those 
described in physical terms in the PTAA, the stock changes 
shown in the physical account (growth, harvesting and nat 
ural losses) do not currently have monetary equivalents ir 
the MTAA. 


In Canada, forest quality (in the sense of timber productivi: 
ty) and accessibility limit the portion of the forest that pro 
vides economic benefit. For this reason, only the 
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ccessible, timber-productive, nonreserved forestland is 
2presented in the Timber Asset Accounts. This is the part 
f Canada's forestland where commercial timber production 
viable; that is, the part on which harvesting is allowed and 
n which trees of commercially valuable species grow toa 
verchantable size in a reasonable length of time. This land 
ccounted for approximately 144 million hectares, or 35 
ercent, of Canada's total forestland area of 417 million 
ectares in 1991 (Lowe, Power and Gray, 1994). 


in important use of the Timber Asset Accounts is as the ba- 
is for the extension of the CNBSA to include estimates of 
1e wealth associated with Canada’s timber assets. As de- 
cribed in Section 3.1, this is achieved by extending the 
‘NBSA to include monetary valuations of our timber asset 
tocks, following the recommendations of SNAQ3. 


[though timber interests have justified most of Canada’s 
aditional investment in forest management and data de- 
elopment, a change towards forest ecosystem manage- 
vent and forest health issues is generating a call for data 
n forest uses other than just timber supply. In response to 
1is call, extension of the Timber Asset Accounts to cover 
ther aspects of forestland will be undertaken as part of 
ieir future development (see Section 3.4.3 for further dis- 
ussion). 


4.1 Physical Timber Asset Account 


he PTAA describes the timber volume, area, age-class 
nd forest composition of forestland that meets the criteria 
yr Economic viability outlined above. The change in the 
tock of this land from year to year and the reasons for this 
hange, such as growth, harvesting and natural loss, are 
resented. 


he account is based on forest resource inventories pro- 
uced by provincial and territorial forest departments/minis- 
ies. Although these inventories are conducted regularly, 
ley often use different land bases from one period to the 
ext. As a result, consistent stock data are not available as 
n annual time series. The provincial/territorial inventories 
re aggregated by the Canadian Forest Service of Natural 
esources Canada to form Canada’s Forest Inventory. This 
ational inventory is available for both 1986 and 1991, al- 
1ough the differences between the 1986 and 1991 invento- 
es do not reflect the actual changes that occurred between 
1ese points in time; the 1991 inventory is only a partial up- 
ate of the 1986 inventory. 


‘0 overcome the lack of consistent, annual forest data, the 
tock/flow time series of the PTAA is estimated using a sim- 
lation model. Beginning with inventory data for a single 
ear (1991), this model simulates the impact of growth, har- 
esting, natural loss and other changes to timber stocks 
ver the period 1961 to 1990.' This type of simulation is 


_The simulation model covers the years 1961 to 1990 inclusive. Since clos- 
ing stocks in 1990 represent opening stocks in 1991 however, the stock 
variables in the model are presented as opening stocks for the period 1961 
to 1991. 
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similar to the timber supply analyses done by provincial for- 
est managers. 


Inventory data 


Canada’s Forest Inventory 1991 (CanF191) was developed 
by Natural Resource Canada’s Canadian Forest Service 
(Lowe, Power and Gray, 1994). This national inventory is 
produced with the co-operation of the provincial and territo- 
rial forest departments/ministries through the Canadian 
Forest Inventory Committee. Some of the forest terms used 
in this inventory are defined in Text Box 3.6. 


The majority of the forest inventories that comprise 
CanFl91 are carried out to facilitate resource planning on 
geographica! forest management units. These manage- 
ment unit inventories, known as forest resource inventories, 
are conducted at approximately 20-year intervals. This 
means that the average age of the forest inventories making 
up CanF191 is close to 10 years. 


For the purposes of the PTAA, CanF191 data on forestland 
area and coniferous and broadleaved gross merchantable 
volume are used. These data cover eight provinces and one 
territory, three forest types? and nine 20-year age classes. 
Age-class distributions are not available for Prince Edward 
Island, Manitoba and the Northwest Territories. Conse- 
quently, it is not possible to calibrate the simulation model 
for these regions. 


The inventory area classification for 1991 is shown hierar- 
chically in Figure 3.2 (page 44). Out of a total area of forest- 
land in Canada of 417.6 million hectares, 244.6 million were 
timber productive and 169.7 million timber-unproductive. 
The timber-productive forestland is further broken down into 
reserved (9 million hectares) and nonreserved accessible 
(144.5 million hectares), nonreserved without access (89.0 
million hectares) and unclassified (2.1 million hectares). 
The nonreserved accessible stock is again further subdivid- 
ed into accessible nonreserved stocked and nonstocked 
timber-productive forestland areas; these are the forestland 
classes used in the simulation model. The nonreserved ac- 
cessible forestland in Manitoba, Prince Edward Island and 
the Northwest Territories—which is excluded from the simu- 
lation—totals 7.8 million hectares, or just over 5 percent of 
the Canada total. 


Simulation model structure 


The PTAA uses a simulation model that is conceptually sim- 
ilar to a population model (Moll, 1992). It evolves an age- 
distributed stock of forestland area over time. The model 
represents eight provinces and one territory and distin- 
guishes three forest types and 180 single-year age classes. 
The latter are derived from the nine 20-year age classes of 
CanFl91. 


In the model, the processes of fire, mortality, harvesting, 

ageing and natural and artificial (planting) regeneration are 

2. Newfoundland, Nova Scotia, New Brunswick, Quebec, Ontario, Saskatch- 
ewan, Alberta, British Columbia and Yukon. 

3. Softwood, mixedwood and hardwood. 
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Text Box 3.6 
Glossary of forest terms 


Accessibility of forestland*: An assessment of the 
effect that availability of access, topography and soil 
have upon the cost of harvesting a given timber stand. 


Age class”: Any interval into which the age range of 
trees, forests, stands or forest types is divided for clas- 
sification and use. 


Annual allowable cut*: The volume of wood which 
may be harvested, under management, during a given 
year. 


Cutover*: An area of forest from which some or all of 
the timber has recently been cut. 


Even-aged: A situation where relatively smail differ- 
ences in age exist between individual trees. The differ- 
ences in age permitted are usually 10 to 20 years; if 
the stand will not be harvested until it is 100 to 200 
years old, large differences of up to 25 percent of the 
rotation age may be allowed. 


Forest health: A condition of forest ecosystems that 
sustains their complexity while providing for human 
needs (O’Laughlin, 1996). 


Forestland*: Land primarily intended for growing, or 
currently supporting forest growth. Includes land not 
now forested. For example: clearcuts; northern lands 
that are forested but not intended for timber use; and 
plantations. 


Forest management unit*: An area of forestland 
managed as a unit for fiber production and other re- 
newable resources. This unit can be the entire prov- 
ince or territory, a provincial forest management 
subdivision, or an industrial timber limit. 


Forest resource inventory*: A survey of a forest 
area to determine such data as area, condition, timber 
volume and species for purposes such as planning, 
purchase, evaluation, management or harvesting. 


Forest storey*: A horizontal stratum or layer in a plant 
community, appearing in forests as one or more can- 
opies. A forest having two storeys (the overstorey and 
the understorey) is called two storeyed. 


Forest type*: A group of forested areas or stands of 
similar composition that differentiates it from other 
groups. Forest types are usually separated and iden- 
tified by species compositions and often by height and 
crown closure classes as well. 
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Growing stock*: The sum (by number, basal area or 
volume) of trees in a forest, or in a specified part of it. 


Growth (increment)*: The increase in diameter, ba- 
sal area, height, volume, quality, or value of individual 
trees or stands during a given period. 


Hardwood forest type*: Trees that lose their leaves 
in autumn. They belong to the botanical group An- 
giospermae. 


Mixedwood forest type’: Trees that belong to either 
of the botanical groups Gymnospermae or Angiosper- 


mae that are substantially intermingled in stands. 


Mortality of forests*: Death or destruction of forest 
trees as a result of competition, disease, insect dam- 
age, drought, wind, fire, and other factors, excluding 


_ harvesting. 


Nonreserved forestland*: Forestland that, by law or 
policy, is available for the harvesting of forest crops. 


Nonstocked forestland*: Productive forestland that 
lacks trees completely or that is so deficient in trees, 
either young or old, that at the end of one rotation, the 
residual stand of merchantable tree species, if any, 
will be insufficient to allow utilization in an economic 
operation. 


Regeneration*: The renewal of a forest crop by natu- 
ral or artificial means. Also the new crop obtained. The 
new crop is generally less than 1.3 metres high. 


Reserved forestland*: Forestland that, by law or pol- 
icy, is not available for the harvesting of forest crops. 


Rotation*: The period of years required to establish 
and grow even-aged timber crops to a specified con- 
dition of maturity. 


Roundwood’: Sections of tree stems with or without 
bark. May include logs, bolts, posts and pilings. 


Silviculture*: Silviculture is the theory and practice of 
controlling the establishment, composition and growth 
of forests. It is applied forest ecology directed at the 
protection and enhancement of wildlife, water, soil, 
and timber resources (Wenger, 1984). 


Softwood forest type*: Cone-bearing trees with nee- 
dles or scale-like leaves. They belong to the botanical 
group Gymnospermae 
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Text Box 3.6 (concluded) 
Glossary of forest terms 


Species group: Grouping by which volumes are re- 
ported. Coniferous group includes volume from black 
spruce, other spruce, white pine, jack and lodgepole 
pine, other pine, fir, hemlock, douglas-fir, larch, cedar 
and other conifers. Broadleaved group includes vol- 
ume from trembling aspen, other poplar, yellow birch, 
other birch, sugar maple, other maple, and other 
broadleaved species. 


Stocked forestland*: Land supporting tree growth. In 
this context growth includes seedlings and saplings. 


Succession: Changes in the species composition of 
an ecosystem over time, often in a predictable order. 


Timber productive forestland*: Forestland that is 
capable of producing a merchantable stand within a 
reasonable length of time. 


Timber-unproductive forestland*: Forestland that is 
incapable of producing a merchantable stand within a 
reasonable length of time. Includes muskeg, rock, bar- 
rens, marshes, meadows and other timber-unproduc- 
tive areas within a forest. 


Unclassified: Most inventory categories include this 
class to cater to source inventories where information 


is not available and must be handled as missing val- 
ues. 


Volume: The gross merchantable pulpwood standing 
volume of stocked timber-productive forest is reported 
by species group in cubic metres or cubic metres per 
hectare. Gross volume makes no allowance for de- 
fects such as decay (except in British Columbia where 
net volumes are reported). Merchantable volume is 
main stem under bark excluding stump and top allow- 
ances. Pulpwood volume is of dimensions large 
enough to be considered as pulpwood in local prac- 
tice. It includes volumes that meet higher dimensional 
standards (sawwood). 


Yield*: Growth or increment accumulated by trees at 
specific ages expressed by volume or weight to de- 
fined merchantable standards. 


Yield table*: A summary table showing for stands 
(usually even-aged) of one or more species on differ- 
ent site qualities, characteristics (volume per hectare) 
at different ages of the stand. An empirical yield table 
is one prepared for actual average stand conditions. 


Note: 
Terms marked with an asterisk (*) are from Haddon (1988). 


egrated with forest inventory data over the time period 
61 to 1990. As a first step in simulating the evolution of 
> forest, a 1961 age-class distribution is estimated by run- 
1g a version of the model backwards. Using this estimated 
e-class distribution as the initial condition for 1961, the 
ddel is then run forwards to meet the desired 1991 data 
ints. 


Figure 3.3 (page 45) is a structural diagram representation 
(Gault et al., 1987) of the main inputs and outputs of the fire, 
mortality, harvesting, ageing and regeneration processes. 
The order in which the calculations are performed in the 
model during one period is shown from top to bottom. 


First, the stocked forestland at the start of a period is adjust- 
ed for loss due to fires and natural mortality (Block 1). The 
surviving stocked forestland is input to the harvesting calcu- 
lation (Block 2) where the annual roundwood volume of pro- 
duction (cubic metres of timber) is translated into hectares 
to provide an estimate of the area harvested for use in the 
physical account. In Block 3, forest that burned or died from 
natural causes is regenerated naturally. Also, in this block 
newly harvested area (cutover) regenerates either by plant- 
ing or natural regeneration. The regeneration process is 
completed by apportioning nonstocked forestland to either 
natural or artificial regeneration. Finally, the stocked forest- 
land is then aged by shifting area from each age class to the 
* ageing; next oldest age class. The year index is incremented and 
the calculations are repeated for as many years as there are 
in the simulation time period. The processes of fire, mortal- 
ity, harvesting, ageing and regeneration are described in 
more detail in the following sections. 


e following are the factors giving rise to changes in the 
nulated timber asset stock over time: 


e catastrophic forest fires; 

¢ natural mortality; 

* coniferous volume harvested; 

* broadleaved volume harvested; 


¢ volume lost to logging roads; 


* natural regeneration of burned areas; 
* natural regeneration after mortality; and 


artificial and natural regeneration of harvested and 
nonstocked forestland. 
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Figure 3.2 
Area Classification of CanFl91 
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Source: 

Lowe, Power and Gray, 1994. 


Block 1: Forest fires and natural mortality 


The first block in Figure 3.3 represents the reductions of 
stocked productive forestland due to fire and natural mortal- 
ity in a period. Forestland is updated for fire by decreasing 
the inventory using data describing area burned by prov- 
ince/territory for the years 1961 to 1991 (Ramsey and Hig- 
gins, 1981; 1982; 1986; 1991; and 1992). The annual fire 
losses over this time period vary considerably. Fire data are 
not available on a forest type or age-specific basis. To deal 
with this shortcoming in the data, fire rates are calculated for 
each year and province/territory as a percentage of the total 
forestland area in each province/territory. These rates are 
then applied uniformly across each age class and forest 
type in the forestland stock. The area burned, stratified by 
age class and forest type, is subtracted from the stock. 
Then the area burned is summarized by forest type and re- 
generated in age class 1 at the start of the subsequent year 
for the same forest type. 


The surviving stocked forestland is subject to a mortality 
process where a proportion (10 percent) of the area of for- 
est in the ten oldest age classes (171-180 years) is as- 
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sumed to die naturally. This area is removed from th 
stocked forestland age classes. The total forestland are 
that dies in a period is input to Block 3 where it is regene 
ated. The updated stocked forestland is then input to th 
harvesting procedure described in the next section. 


Block 2: Harvesting 


Block 2 of Figure 3.3 represents how the historical produc 
tion of roundwood volume’ is translated into area harveste 
so that the forestland stock can be adjusted each year. Bot 
coniferous and broadleaved roundwood volume may b 
harvested from each of the three forest types (softwooc 
mixedwood and hardwood stands). 


In the simulation model it is assumed that 75 percent of th 
coniferous volume is harvested from softwood and 25 pe 
cent from mixedwood stands.? All the broadleaved volum 
is assumed to be met by harvesting from the hardwood fo’ 
est type. 


1. Statistics Canada, Logging Industry, Catalogue no. 25-201. 


2. These values are judged reasonable by observing the species-specific vc 
urne in CanF191. 
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ie first step in the harvesting block is calculation of the po- 
1tial volume available for harvesting coniferous timber in 
2 softwood and mixedwood forest types. This is calculat- 
by multiplying the unit volume per hectare yield! for co- 
erous species by the forestland area and summing over 
> allowable age classes. The latter are the age classes in 
ich harvesting may occur and are called the “limits of op- 
ability.” This is the period in a stand’s development when 
> volume is sufficient for profitable harvesting. For conif- 
us species the limits of operability are 80 to 180 years. 


nilarly, the potential broadleaved volume is calculated by 
ltiplying the forestland area in hardwood forest type by 
> unit volume per hectare for broadleaved species in the 
rdwood forest type and summing over the age classes 70 
180. Harvesting of trees that have reached 70 years of 


field tables are calculated from CanFi91 by dividing the gross merchant- 
able timber volume by age by the forestland area by age. This gives an 
smpirical estimate of yield, or gross merchantable volume per hectare, by 
age for two species groups (coniferous and broadleaved) in three forest 


ypes. 
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age, a lower limit of operability than for coniferous species, 
is allowed. 


Next the ratio of roundwood harvested to the volume that 
could potentially be harvested is calculated for both species 
types. This proportion (harvest ratio) is used to determine 
how much forest must be cut to satisfy the actual production 
in each year. In other words, the harvest is allocated across 
age classes in proportion to the total potential volume in 
each forest type. 


An allowance of three percent of annual area harvested is 
made for the construction of roads in the forest. Stocked 
productive forestland is therefore reduced by three percent 
of the area harvested each year, since newly created roads 
are not regenerated as stocked forestland. 


The area harvested is summarized each year by forest type. 
This area is then passed to block 3 of the model, which rep- 
resents the regeneration process. 


Block 3: Ageing and regeneration after fire 
and mortality 


Ageing of the forest and natural regeneration after both fire 
and other natural causes of mortality are represented in the 
last block of Figure 3.3. It is assumed that regeneration oc- 
curs immediately after both fire and natural mortality. 


Ageing of the forest, which occurs at this stage in the simu- 
lation, is represented by a simple update procedure. That is, 
all area in each class from 1 through 178 is shifted to the 
next oldest age class (i.e. ages 2 through 179). The oldest 
age class (i.e. 180 years and older) is updated by accumu- 
lating the area in age class 179 as well as the surviving area 
in age class 180. 


Natural regeneration of burned land is represented by up- 
dating the first age class (regeneration class) of stocked 
forestland at the start of the next simulation year. First the 
area burned is summarized by forest type and age class in 
each year. Then the stocked forestland in age class 1 for 
year k+71 is updated by the area burned during year k. It is 
assumed that the area regenerates to the same forest type 
after a burn. 


Forestland affected by natural mortality other than fire re- 
generates in the following way. Rather than regenerating 
this area in age class 1 at the start of the next period, this 
area is distributed amongst age classes 2 to 179 according 
to the current age and forest type distribution. The reason- 
ing here is that stand mortality is not an abrupt process; 
trees do not die off as soon as they reach 171 years. Rath- 
er, mortality in the stand and regeneration in the form of an 
understorey is always present. 


Since the single-year age-class distribution used in the 
model is derived from the aggregate 20-year age-class dis- 
tribution of CanF191, discontinuities are created in the annu- 
al mortality function. In order to smooth the mortality 
function, natural mortality is approximated by assuming that 
a proportion of the area in the ten oldest age classes (171- 
180 years) dies in each period and is subsequently regen- 
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Table 3.8 
Artificial Regeneration Transitions 

Softwood Mixedwood Hardwood 
Softwood 0.440 0.397 0.163 
Mixedwood 0.194 0.598 0.208 
Hardwood 0.150 0.620 0.230 


Source: 
Hearnden, Millson and Wilson, 1992. 


erated. This has the effect of eliminating discontinuities in 
the model’s response to the assumed single-year age-class 
distribution. 


Block 3 (continued): Regeneration of cutover 
and nonstocked forestland 


Natural and artificial regeneration of the cutover and previ- 
ously nonstocked forestland occur next in the model. Areas 
that naturally regenerate are distinguished from those that 
are artificially regenerated by multiplying the area to be re- 
generated by an assumed natural regeneration share of 50 
percent. The regeneration rates for both the cutover and 
previously nonstocked forestland determine how fast these 
areas regenerate. The annual regeneration rate for recently 
harvested forestland is assumed to be 99 percent and that 
for nonstocked 0.5 percent. In other words, 0.5 percent of 
nonstocked land regenerates each year, whereas 99 per- 
cent of cutover area regenerates each year. 


Succession to different species types during regeneration is 
calculated based on the probability of transition to different 
forest types after harvest and planting. Data on regenera- 
tion after harvest and planting are available for Ontario 
(Hearnden, Millson and Wilson, 1992). These are incorpo- 
rated into two regeneration transition matrices, one for arti- 
ficial regeneration (planting) and one for natural 
regeneration (tables 3.8 and 3.9 respectively). The regener- 
ation transition matrices are dimensioned three forest types 
by three forest types indicating by row the propensity of re- 
generating from one forest type to another. 


The nonstocked forestland at the beginning of period k+7 is 
updated by including the proportion of the previous period's 
cutover that will not have regenerated plus the surviving 
nonstocked forestland from the end of the previous year k. 
Finally, stocked forestland is updated at the beginning of 
year k+7 in age class 1 for natural and artificial regeneration 
of harvested and nonstocked forestland during period k. 


Results of the simulation model 


What is most evident from the simulation exercise is the dis- 
crepancy between the simulated age-class distribution of 
the stocked forestland in 1991 (Figure 3.4) and that given by 
the CanFl91 (Figure 3.5). Reductions in timber stocks due 
to natural losses and harvesting during the simulation peri- 
od should, as suggested by the simulation, show up as re- 
generation in the first 30 year age classes of CanFl91. As 
can be seen in Figure 3.5, the inventory does not account 
for this regeneration. It could be argued that the PTAA is a 


Table 3.9 
Natural Regeneration Transitions 

Softwood Mixedwood Hardwood 
Softwood 0.43 0.411 0.159 
Mixedwood 0.21 0.580 0.210 
Hardwood 0.07 0.360 0.570 


a 


Source: 
Hearnden, Millson and Wilson, 1992. 


method for updating CanF191, since it reconciles the histor- 
ical disturbances to timber stocks, such as fire and harvest- 
ing, which we know have occurred. 


The problems associated with aggregation of provincial in- 
ventories (which were never designed to be used for nation- 
al or provincial summaries) show clearly that a new national 
and provincial inventory method is needed. In a recent dis- 
cussion paper (Magnussen, Bonnor and Sterner, 1996), 
several national systems for monitoring the forest resource 
are proposed. These systems might involve the timely col- 
lection of data from permanent/temporary inventory plots or 
the sampling of units located in a systematic way across 
Canada. 


Presentation of the PTAA 


Like the Subsoil Asset Accounts, the Physical Timber Asset 
Account is presented as a reconciliation account. It pro- 
vides annual opening and closing estimates of standing tim- 
ber stocks and timber-productive land area, plus the 
changes in the volume of these stocks due to harvesting 
and natural events. Table 3.10 shows the layout of the 
PTAA reconciliation account. 


Table 3.10 
Physical Timber Reconciliation Account 


[1] Opening stock 
(2] Natural growth 

[3] Harvest 

[4] Mortality 

[5] Fire loss 

[6] Loss due to roads 


[7] Closing stock [1 +2-3-4-5-6] 


3.4.2 Monetary Timber Asset Account 


The Monetary Timber Asset Account (MTAA) is the value 
counterpart of the PTAA, with two differences. One is the 
aforementioned fact that the MTAA does not show value: 
for the annual changes in timber stocks resulting from nat 
ural losses and harvesting. The other is that the MTA/ 
a stock value estimates for all provinces and territo 
ries. 


The MTAA presents annual estimates of the value of stand 
ing timber on Canada’s timber-productive, stocked, acces 
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Figure 3.4 
Simulated Age-class Structure, 1991 
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Source: 
Statistics Canada, National Accounts and Environment Division. 


sible forestland. Estimates covering the period 1961-1995 
are currently presented for both the nation and for each 
province and territory. Following the recommendations of 
the SNAQS, the national-level value estimates are to be in- 
cluded in the CNBSA as part of Canada’s wealth. 


To be comparable with other tangible produced and non- 
produced assets entered on the national balance sheet, 
timber assets are recorded at their market value. This is the 
price that would be paid for them if they were sold in a com- 
0etitive public market. Measuring the market value of timber 
resources in Canada is problematic however. More than 84 
oercent of the forestland that is considered an economic as- 
set in Canada is government owned and transactions in tim- 
derland or cutting rights are rare. As a result, the market 
value of timber assets must be estimated using indirect 
methods. 


The estimates of timber asset values in the MTAA are 
.ased on the concept of resource rent. As described in Sec- 
ion 3.2.1, resource rent is equivalent to the revenue gener- 
ated from resource extraction less all costs involved in 
oringing the resource to market. In the MTAA, an estimate 
of annual timber rent is calculated by subtracting all current 
and capital costs incurred by forest product industries in fell- 
ng, transporting and processing timber from the revenue 
2arned from the sale of forest products. Annual forest man- 


. Recall that the PTAA currently excludes Prince Edward Island, Manitoba 
and the Northwest Territories because of data gaps in CanFl9i. Because 
the MTAA rests on different data sources than the PTAA, estimates of the 
timber asset value for these provinces are available in the MTAA. 
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Figure 3.5 
CanFi91 Age-class Structure 
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agement costs incurred by governments in maintaining the 
timber resource are also deducted in the calculation. 


The resource rent so estimated includes both the rent asso- 
ciated with timber and that associated with the land dedicat- 
ed to timber production. If an estimate of the holding cost of 
land was available, it could be deducted from the rent esti- 
mate to leave a residual value for timber alone; however, no 
such estimate is available. Since the rent includes both tim- 
ber and the associated land, the resource asset might be 
more appropriately thought of as timberland, or forestland 
for timber production, rather than timber. For the sake of 
simplicity, the resource is referred to simply as timber in the 
MTAA. 


Timber resource rent so calculated represents the value of 
the timber harvested in a single year only. To estimate the 
value associated with the tota/ stock of Canadian timber, the 
present value of the stream of rent assumed to be generat- 
ed from future timber harvests is estimated. In this calcula- 
tion, it is assumed that both the rent value of recent harvests 
and the volume harvested are applicable to the remaining 
stock. The stock is then valued as the present value of an 
infinite series of constant annual rent returns. 


The methods used in the MTAA to estimate the rent associ- 
ated with timber assets and the methods used to convert 
rent into overall stock value are explained in more detail in 
the following two sections. Many of the issues surrounding 
these methods have already been discussed in Section 
3.2.1 and are not given detailed coverage in this section. 
Only the application of the methods to the valuation of tim- 
ber assets is discussed at length here. For the sake of con- 
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venience, Text Box 3.7 repeats the algebraic descriptions of 
the present value methods for timber asset valuation pre- 
sented earlier in Text Box 3.4. 


Calculation of timber rent 


Ideally, the rent attributed to timber would be based on ob- 
served market transactions in timber assets. Most of Cana- 
da's forestland is government owned however, and there 
are few observable market transactions in timberland or 
cutting rights. Rather than selling cutting rights, provincial 
and territorial governments enter into management agree- 
ments with producers of forest products. Under these 
agreements, maximum allowable harvest levels—known as 
annual allowable cuts—are set based on an assessment of 
long-run sustainable timber yield. The governments receive 
revenue in the form of area charges and stumpage fees in 
return for wood supply and management services. Since 
stumpage fees are set by the government rather than deter- 
mined by public auction, ' it is difficult to know how closely 
they reflect the market value (and therefore rent) of the tim- 
ber. Thus, stumpage fees cannot be used as a proxy for tim- 
ber rent and an indirect estimate of rent is required. 


Timber rent in the MTAA is estimated from historical data on 
annual production by forest product industries in each prov- 
ince. The estimate is based on harvesting that occurred on 
the timber-productive land base using the available produc- 
tion capacity in period. The industry group considered in the 
calculation comprises both the logging industry and the sec- 
ondary wood processing industries that sell their output in 
public markets. These secondary industries are the pulp 
and paper industry, the veneer and plywood industry, and 
the sawmilling and planing industry.2 


Costs incurred by these industries in felling, transporting 
and processing timber, plus governments’ costs associated 
with maintaining timber assets,° are subtracted from the 
value of the forest products produced. All current, or oper- 
ating, costs (labour and fuel for example) are deducted, with 
the exception of stumpage fees paid; these are rightly con- 


1. The market value of timber determined by public auction would be the 
highest bid based on buyers' calculations of “stumpage value”, the differ- 
ence between the eventual selling price of the timber and the cost of felling 
and bringing it to market. The term stumpage value means, literally, the 
value of timber “on the stump” before industrial intervention. 

2. Grouping of the logging and secondary wood processing industries is nec- 
essary because many logging establishments are part of integrated firms. 
These establishments do not actually sell timber to their parent mills, so 
that the “selling prices” they report do not necessarily reflect market prices 
for timber. If their reported selling price is low vis a vis the true market 
price, part of the timber rent is, in effect, shifted to the “buyer” of the timber. 
A rent calculation based on the logging industry alone would be under- 
stated in this case. Similarly, a high reported price would overstate the tim- 
ber rent. Grouping the logging industry with the secondary wood 
processing industries avoids the problem of over- or understating the 
resource rent due to vertical integration in the industry. 

. These costs include expenditures on silviculture, the provision and main- 
tenance of access roads, and protection from fire and insect damage. 
Although many of these costs are capital expenditures, because of a lack 
of detailed data they are all treated as current expenditures; that is, they 
are deducted in the year in which they are incurred, rather than amortized 
over a longer time period. 


is) 


Text Box 3.7 
Methods of Valuing Timber Asset 
Stocks 


Estimation of resource rent 


RR, = TR-C- (rk +8) (lower bound) Ed Sie 
RR, = TR-C-6 (upper bound) Eq:3.3 


1. Present value | (positive return to produced capi- 


tal)! 

PY, = RR Vtg Eq. ou 
2. Present value Il (zero return to produced capital) 
PV = RRi/tg Eq. 3.8 


Definition of symbols: 
5 =depreciation of the produced capital stock 


C =annual non-capital extraction costs, including 
fuel, electricity, materials, supplies and wages 


K =produced capital stock valued at replacement 
cost 


PV =present value of the resource stock 

RR = annual resource rent 

TR = total annual revenue from resource extraction 
tg = real provincial government bond rate 

f, | =nominal long-term industrial bond rate 

Note: 


1. The expression for calculating the present value of an income stream simplifies 
to (annual income)/(interest rate) when the time period is infinite. 


sidered a component of the rent residual. An estimate of th 
cost of produced capital used in the harvesting activity i 
also deducted. In fact, as discussed in Section 3.2.1, tw 
different estimates of the cost of capital are deducted (Ec 
3.2 and Eq. 3.3 in Text Box 3.7), yielding an upper and low 
er bound on timber rent in each year. 


Subject as the forest product industries are to a pronounce: 
business cycle, changing prices and production volume 
cause annual timber rent to fluctuate significantly from on 
period to the next. To smooth these fluctuations, the rent es 
timate used in calculating timber asset stock values is actu 
ally a moving average of the previous five years’ rent. 


Calculation of timber asset stock value 


The estimate of the value of Canada’s timber asset stock 
in the MTAA is based on the discounted present value of al 
infinite series of the average annual rent estimated for eac 
year (as described above). Two present value calculation 
are used (Eq. 3.7 and Eq. 3.8 in Text Box 3.7), one for eac 
of the methods of estimating timber rent. 
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The assumption implicit in these calculations is that the har- 
vest volume on which the rent is based is indefinitely sus- 
tainable. The validity of this assumption has not been 
verified by a simulation of future harvests.' If harvests were 
to be reduced in a not too distant future, the estimated stock 
values recorded in the MTAA would be too high.2 The na- 
ture of the present value calculation is such that rents from 
harvests in the distant future are discounted to very low 
present values. Therefore, the possibility of reduced har- 
vests in the distant future has little or no effect on the esti- 
mated stock value. 


As mentioned in Section 3.2.1, the position taken in the 
NRSA is that the discount rate used in estimating resource 
asset stock values (1g) should reflect a government (or so- 
cial) risk-free time preference. The rate used, four percent, 
is the approximate average real interest rate on provincial 
government bonds during the period since 1961. A real rate 
is used because there is no need to account for inflation; 
constant future prices and costs are assumed. 


Net price valuation 


Aside from the methods just described, a number of alter- 
native approaches exist for estimating the value of timber 
stocks. One of the simplest is to apply the value of rent per 
unit of volume harvested to the volume of standing timber. 
This method, which is analogous to the “net price” valuation 
of subsoil assets, is inappropriate for Canada’s timber 
stocks. 


First, a large part of Canada’s timber is mature forest that 
will be harvested in the (sometimes very distant) future. The 
value of this timber should be discounted to its present val- 
ue. A “net price” approach is more appropriately used for a 
growing forest, especially a managed forest with a similar 
number of trees in each age class. In such a forest, the un- 
discounted value of the volume estimated using a net price 
is an approximation of the present value of the timber re- 
source. The current value of a young tree approximates the 
discounted present value of the larger volume that will be 
harvested in the future. 


1. Itis possible to simulate the future growth and harvest of a province's total 
stock of timber. Such a simulation could be used to determine whether 
there will be sufficient timber in the future to maintain the current annual 
harvest volume indefinitely. If the harvest volume is shown to be sustain- 
able, the value of the timber resource is appropriately the present value of 
an infinite series of the current annual rent. The value could be adjusted 
downward if the simulation showed either temporary or permanent short- 
falls in supply. Such a simulation would have to be done with data for small 
areas rather than for an entire province, since the age at which timber will 
be harvested and the potential supply of timber varies among the different 
forest management units within a province. 

2. Canada's timber resource is partly mature, or virgin, forest recently made 
accessible and partly forest growing on previously harvested land. Forest 
recently made accessible is mainly mature timber, but also includes grow- 
ing forest that has regenerated after fire. The harvest of this mature timber 
will continue for some time. The eventual transition from virgin to managed 
forest will imply a reduction in harvest volume since trees are harvested at 
an earlier age in a managed forest. Offsetting this effect might be 
enhanced future harvests due to improved silviculture and tending of the 
forest. 


Natural Resource Stock Accounts 


A second reason for not directly valuing standing timber vol- 
ume is the importance of fire loss. This method requires a 
difficult adjustment to the volume for each tree’s probability 
of surviving to harvest age. 


Data sources and methods 


Timber and forest product production is based on the value 
of shipments and inventory changes taken from Statistics 
Canada publications.? The value of wood cut by consumers 
for own consumption (primarily firewood and some sawn 
wood) is not estimated. Statistics on operating costs are 
also from Statistics Canada.* 


Capital costs include both depreciation (5) and a return to 
capital (,K). Depreciation and end-of-year capital stock val- 
ues (K) by industry are prepared by Statistics Canada's In- 
vestment and Capital Stock Division. Capital stock is 
valued at replacement cost and depreciation is calculated 
on a straight line basis. The cost of financing capital (r,) is a 
nominal, average corporate long-term bond rate,° which is 
applied to the value of the capital stock to estimate the re- 
turn to capital. 


Data representing forest management expenditures by pro- 
vincial and territorial governments are published in the 
Compendium of Canadian Forestry Statistics (Canadian 
Council of Forest Ministers, 1993). These data apply to 
more than just the timber-producing part of the forest, so al- 
location of expenditures according to purpose is required. 
This is accomplished using the results of a study of forest 
protection and renewal done for the Ontario Ministry of Nat- 
ural Resources (Ontario Ministry of Natural Resources, 
1993b). Data on forest management expenditures are 
available beginning in 1977 only; expenditures for earlier 
years are backcasted based on these data. Fire control ex- 
penditures are backcasted using historical fire loss data 
from the PTAA. Other expenditures are backcasted using 
timber harvest volumes, also from the PTAA. 


3.4.3 Future directions for the Timber 
Asset Accounts 


At a minimum, future development of the Timber Asset Ac- 
counts will see the existing accounts maintained with up-to- 
date estimates of the volume, area and value of standing 
timber. Beyond the maintenance of the status quo, investi- 
gation of several ways in which the scope of the accounts 
might be expanded is planned. 


As mentioned earlier, a change towards forest ecosystem 
management and forest health issues is generating a de- 


Statistics Canada, Logging Industry, Catalogue no. 25-201. 

Statistics Canada, Sawmilling and Planing, Catalogue no. 35-204. 
Statistics Canada, Pulp and Paper Mills, Catalogue no. 36-204. 

4. Statistics Canada, Logging Industry, Catalogue no. 25-201. 

Statistics Canada, Canadian Forestry Statistics, Catalogue no. 25-202. 
Bank of Canada, Bank of Canada Review, Table F1, Financial Market Sta- 


tistics. 
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mand for data on forest uses other than timber supply. | Fu- 
ture editions of the Timber Asset Accounts could cover 
economic uses of the forest beyond timber supply and uses 
or benefits that are outside the domain of market-based ac- 
tivity. 

With respect to expanded measures of economic value, the 
development of estimates of the value of parkland and the 
recreational use of forestland is a priority for future re- 
search. 


Uses and benefits of the forest outside the domain of mar- 
ket-based economic activity include direct human uses 
such as harvesting forest products for direct consumption, 
non-market recreation and aesthetic appreciation. Indirect- 
use benefits of the forest, such as carbon fixation, oxygen 
production, the prevention of soil erosion and water purifica- 
tion/storage, are also relevant. As essential inputs into hu- 
man well-being, these natural functions can be seen to have 
great value, but as “free” services of nature they have mar- 
ket prices of zero. 


Expansion of the accounts in the above directions will re- 
quire the development of classifications as well as valuation 
methodologies. The SNAQ3 classification of natural re- 
sources as economic assets contains three categories rel- 
evant to forest: timber, timberland and parkland, and other 
recreational land. This classification cannot be easily fol- 
lowed in the Canadian context for two reasons. First, as not- 
ed above, the value of timber and timberland cannot be 
easily separated. Second, there is some overlap between 
uses of the forest; logging is permitted on some parkland 
and forest used for timber production is available for other 
uses at least part of the time. A classification based on uses 
of the forest such as timber harvesting, harvesting of other 
forest products, recreation and other uses will be explored. 
The use of willingness-to-pay and other methods of non- 
market valuation will be considered in development of esti- 
mates of monetary value for non-timber economic, and non- 
market, benefits. 


The timber resource that is valued in the MTAA currently is 
the accessible timberland at each year-end. Although Ca- 
nadian timberland area has changed since 1961,” these 
changes are not currently covered in the PTAA due to a lack 
of data. The changes can be grouped into three major 
classes: expansion of the accessible forest landbase; 
changes in land use; and the protection of forest from log- 


1. One example of the impact of this change is found in the attempts made 
to remove the “timber bias” from the forest terminology in CanFl91. For 
example, the former forest characterisations “productive” and “unproduc- 
tive” have been replaced with “timber productive” and “timber unproduc- 
tive” to avoid statements such as “almost half of Canada’s forests are 
unproductive.” 

2. Technological changes in harvesting and wood processing techniques 
mean that an increasing amount of the standing volume can today be har- 
vested and used in forest products. New uses have been found for some 
species, making them commercially valuable when they were not before. 
Previously inaccessible areas have been opened with road building, and 
part of the existing area has been restricted to maintain habitat or prevent 
erosion. Finally, the construction of mills has made previously uneconomic 
forest in their vicinity commercially viable. 
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ging activity (an increase in “reserved” forest). Data for 
these physical changes will be incorporated into the Timber 
Asset Accounts in the future, and estimates of the effect ot 
these changes on the value of the timber resource will be 
made. The value estimated will be that of the timberlanc 
area gained or lost. 


As well as the value associated with changing timberlanc 
areas, the value of changes in timber volume on the existin¢ 
land base remains to be incorporated into the MTAA. These 
changes are the result of growth, harvesting and natura 
losses due to fire, insects, disease or wind.? Although they 
are currently measured in the PTAA, no attempt has yet 
been made to calculate the corresponding changes in tim: 
ber asset value. The effects of growth, harvest and natura 
losses during a year may alter the age structure of the fores 
sufficiently to affect the volume harvested at some future 
date. Estimating the associated lost volume and value with 
any accuracy requires very detailed data that are not cur. 
rently available. 


3.5 Land Account 


Information on Canada’s land resource is scarce at the : 
tional level, and the information that is available is often c. 
dated and highly generalized. The purpose of the Le 
Account is to provide Canadians with an improved set 0: 

formation to describe this resource. 


Historically, information on land has been used to tr: 
ownership, develop local land-use plans and evaluate 
source potential. Land-use conflicts in the past led to i: 
need for land-use planning, which in turn fuelled the ¢ 
mand for information to address existing issues and avc 
future conflicts. More recent environmental and resour: 
concerns require even more extensive and detailed lar 
data than those catied for historically. 


The Federal/Provincial Committee on Land Use sponsorex 
a forum in 1995 to discuss land-use issues (Federal/Provin: 
cial Committee on Land Use, 1996). Priority issues were de 
termined by consensus and classified according to four ke) 
land-use categories: agriculture, forestry, shore zone/coast: 
al zone, and urban. The detailed issues discussed at the 
meeting are summarised in Text Box 3.8. Besides providinc 
a useful overview of some important land-use issues, the 
committee emphasized the lack of suitable data and indica 
tors in each of the priority areas it identified. Inadequate val. 
uation of land resources was noted as a shortcoming in al 
areas. The committee also highlighted shore/coastal zone 
issues, which are generally not considered in land-use dis: 
cussions. The Land Account provides improved informatior 
to address all of these issues. 


One of the confounding factors in land policy, and therefore 
in the supporting statistics, is that two or more jurisdictions 


3. A decrease in timber asset value due to acid rain damage would also be 
included. 


Concepts, Sources and Methods 


inking the Environment and the Economy 


Text Box 3.8 
Federal/ 


Provincial Land-use Issues 


Agriculture: — 


logical resources through 
on and off-farm effects; 


ion of aborigi 
nent. 


jources of pollution ; 


use of shore areas (such as aquaculture 


prc ection of water supplies; - 


: impact of urban related development in rural areas 
- (such as urban sprawl and ribbon development). 


: common to all categories: 

* present governance systems unable to identify and 

_ solve problems (or take advantage of opportuni- 
ties); oe / - 


* lack of current data and measurable indicators of 
_land use patterns and change; — 


* inadequate valuation of common resources; and 


» lack of integrated planning and communication. 


deral, provincial, regional, municipal) can influence the 
e of a given tract of land. For example, many provinces 
d territories have their own land-use classifications. Addi- 
nally, much land-tenure and land-use information resides 
hin registry offices in thousands of municipalities across 
> country. The Land Account addresses these difficulties 
harmonizing the land information now collected by nu- 
rous jurisdictions for many different purposes. The clas- 
cations it employs permit the use and comparison of land 
ormation from a variety of sources. This allows, for exam- 
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ple, the evaluation of the benefits and costs of converting 
agricultural land to urban land. The results of such evalua- 
tions could be used to address issues such as long-term 
sustainability and biodiversity. 


The macro land-use classifications used in the Land Ac- 
count match the scope of the national-level land information 
currently available in Canada. More detailed land-use and 
land-cover classifications have been developed by the Gov- 
ernment of Canada through the Canada Land Use Monitor- 
ing Program (CLUMP). These classifications conform with 
international standards such as the Standard International 
Classification of Land Use (United Nations Statistical Com- 
mission and Economic Commission for Europe, 1985). As 
the Land Account develops, these detailed classifications 


will take the place of the simpler classifications currently 
used. 


3.5.1 Uses 


The Land Account provides detailed time-series information 
on the use of Canada’s land resource. This information is of 
central importance in responding to many questions. 


¢ What is the distribution and quality of our land? 
* How is land used and what are the trends in this use? 
* Is land use becoming more or less sustainable? 


e Is the environmental stress associated with land use 
increasing or declining? 


¢ What is the monetary value of our land and is this val- 
ue increasing or declining? 


With respect to this last question, a specific role of the Land 
Account is to provide extended estimates of the value of 
Canada’s land for inclusion on the CNBSA. As described 
earlier with respect to sub-soil and timber resources, the 
SNA93 recommends the inclusion of natural resource as- 
sets in national balance sheet accounts. Much of our land is 
currently excluded from Canada’s national balance sheet, 
including all publicly owned forests and parkland. A key role 
of the Land Account then is the establishment of values for 
these areas. (Section 3.5.7 provides a more complete dis- 
cussion of the issues surrounding land valuation.) 


3.5.2 Components of the Land Account 


There are five main components, or layers, in the Land Ac- 
count. These are broadly defined below. 


1. The physical foundation - An accurate spatial frame 
used for the estimation of all other components of the ac- 
count. 


2. Land cover - The physical nature of the land’s surface 
(e.g. urban built-up areas, mature forest). 
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Text Box 3.9 
Capabilities of GIS Technology 


A GIS stores data electronically in various layers, 
each one representing a separate theme or selection 
of themes (like electronic maps). These digital images 
can be easily edited, projected or overlaid one on top 
of the other. The analytical power of a GIS comes from 
its ability to dissect and relate disparate layers of geo- 
graphic information. When overlaid, these layers can 
be analysed cross-sectorally to determine how the 
various themes are spatially correlated. This tool is ex- 
tremely useful for performing area calculations as well 
as for sorting-out complex spatial relationships. 


land use 
road network 
towns 


forest cover 


. y__7 hydrology 


3. Land use - A description of how land is used for com- 
merce (e.g., agriculture), non-commercial activities (e.g., 
recreation) and ecological purposes (e.g., wildlife breed- 
ing). 


4. Land potential - The biophysical properties of land 
(e.g., climate, geology, topography, soil characteristics). 


5. Land value - Market and non-market direct-use values 
(e.g., agriculture and recreation), indirect-use values (e.g., 
flood control), and non-use values (e.g., wildlife habitat). 


The second through fifth layers of the account rely on the 
methods and standards employed in the first layer. 


3.5.3 Layer 1: The physical foundation 


The first layer of the Land Account accurately delineates 
Canada’s land and water areas. Building this layer involved 
the assembly, estimation and validation of physical data 
from various sources at an ecoregion! level (1 : 1 million 
scale). The use of Geographical Information System (GIS) 
technology” made this daunting task manageable. Digital 
images can today be rapidly manipulated to yield high-qual- 
ity area estimates suitable for statistical analysis; twenty 
years ago this would have been an onerous task using with 
paper maps and manual tools. 


1. Ecoregions are large natural units delineated by distinctive sets of non-liv- 
ing (abiotic) and living (biotic) resources that are ecologically related. 
2. Text Box 3.9 demonstrates how a basic GIS functions. 
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Figure 3.6 
The Effect of Resolution on Area Estimates 


Queen Charlotte Islands, British Columbia 
1 km resolution : 


5 km resolution 


9 757 km? 9 343 km? 


Accurate area estimates 


Land and water areas for Canada are calculated using « 
modified version of the digital map Terrestrial Ecozone: 
and Ecoregions for Canada 1995 (Ecological Stratificatior 
Working Group, 1995) This map, which was compiled a 
scales ranging from 1:1 million to 1:2 million, has beer 
merged with a 1:1 million shoreline map from the Digit 
Chart of the World (DCW) (Environmental Systems Re 
search Institute, 1993). The DCW provides a high resolutior 
digital image of Canada’s shorelines. High resolution is im 
portant in this context, because the accuracy of area esti 
mates is directly related to the resolution of the map used t 
define boundaries.? The accurate delineation of coasts 
lakes and rivers is particularly important for Canada, whict 
has more shoreline than any other country in the world. Fig 
ure 3.6 illustrates the importance of resolution in calculatin« 
area. Area estimates for the Queen Charlotte Islands are 
presented using two different map resolutions; the differ 
ence between the two land area estimates is more than fou 
percent. 


Ecological framework 


The use of an ecological framework is an important elemen 
of the Land Account. Text Box 3.10 describes the ecologic 
land classification hierarchy that is employed by the Feder 
al/Provincial Ecological Stratification Working Group. Thi: 
hierarchy has been adopted for the Land Account. Three o 
the seven levels in the Canadian Ecological Land Classif 
cation are described in Text Box 3.10. The 15 ecozones ir 
Canada can be broken down into 217 different ecoregions 
which can be further sub-divided into 5 395 ecodistricts. 


3. Resolution defines the smallest object that is discernable on a map. At 
resolution of 1 km, objects smaller than 1 km? in size are not discernable 
For example, a school yard would not be discernable at 1 km resolutior 
while a large military base would be. Given the technology available for th 
production of the Land Account a map scale of 1 : 1 million represents: 
resolution of roughly 1 km. 
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_ TextBox3.10 
Ecological Land Classification Hierarchy 


Generalized 


Ecozone The highest level of the hierar- 

chy. Canada is divided into 15 

ecozones. See Map 3.4 (page 

~~. 60). 

Ecoregion Distinguished by unique ecolog- 
ical areas influenced by climate 


regimes. There are 217 ecore- 
gions in Canada. 


Ecodistrict Part of an ecoregion, with dis- 
tinctive assemblages of relief, 
vegetation, fauna, water, soils, 

landforms and geology. There 

are 5 395 ecodistricts in Cana- 


Detailed — da. 


Source: | 
_ Ecological Str 


tification Working Group, 1995. 


-coregions serve as a useful geographic frame for the anal- 
sis of land information. These units have the advantage of 
oundaries that are relatively fixed over time, unlike admin- 
strative or politically bounded areas that can change signif- 
cantly from one year to the next in response to a population 
hange or an administrative decision. Another advantage of 
coregions as spatial units is that they are defined by dis- 
nct non-living (abiotic) and living (biotic) resources that are 
cologically related. Soil type, surface mineral deposits and 
andforms are all examples of land-related resources that 
re integral to the definition of an ecoregion. Since ecore- 
ions represent common physiographic and biophysical 
haracteristics and are fixed over time, they make excellent 
patial units for the Land Account. 


Nap 3.4 (page 60)! presents the results of merging the eco- 
one/ecoregion coverage (or digital map) with the detailed 
\CW shoreline. For display purposes the ecoregion lines 
ave been suppressed to show only the broader ecozone 
oundaries. 


3e0-Statistical units 


0 facilitate the integration of demographic, social and eco- 
iomic data into the Land Account, a geo-statistical hierar- 
hy consistent with that used for Statistics Canada’s 
urveys is employed in the account. Statistics Canada’s 
991 Enumeration Area Digital Boundary File defines the 
joundaries for these geo-statistical units (Statistics Cana- 
la, 1991b). The units that have been adopted for use in the 
and Account include: 


* provinces/territories (12); 


¢ census divisions (295); 


. This large map, along with several others, is presented at the end of this 
section to avoid disrupting the main text. 


yanadian System of Environmental and Resource Accounts 


Natural Resource Stock Accounts 


* census subdivisions (6 006); 
* consolidated census subdivisions (2 630); 


* enumeration areas (45 995); 


Data from many of Statistics Canada’s surveys are availa- 
ble using these standard units. 


An example of the geo-statistical hierarchy used in the Land 
Account is presented in Map 3.1 for one small area—Census 
Division 3546 in Ontario. 


To summarize, the physical foundation (first layer) of the 
Land Account is defined by the union of detailed coverages 
of ecoregions, shorelines and enumeration areas. This lay- 
er has 217 ecoregions, 10 provinces and two territories 
comprising 5 659 separate units when split by provincial/ 
territorial boundaries. Additional layers in the account must 
all conform to the spatial standards established by the union 
of these three spatial frameworks. 


3.5.4 Layer 2: Land cover - vegetation and 
other surface features 


Land cover, which forms the second layer in the Land Ac- 
count, is a characterization of the surface properties of the 
land. Land-cover information is a basic requirement for the 
determination of land use and, ultimately, land value. Initial 
land-cover information for the Land Account has been taken 
from satellite imagery. Natural Resources Canada and For- 
estry Canada have compiled a composite land-cover pic- 
ture for all of Canada (Natural Resources Canada and 
Forestry Canada, 1994).* This large satellite picture was 
obtained from Advanced Very High Resolution Radiometry 
and has a maximum ground resolution of one kilometre. 
Land-cover data are available for ten separate land-cover 
classes and two water-cover classes. 


Map 3.5 (page 61) displays the composite land-cover pic- 
ture for all of Canada. In this map, land and water classes 
have been collapsed to form six classes rather than twelve. 
The full twelve classes are listed in Text Box 3.11 (page 57). 
The digital land cover snapshot has been manipulated by 
the GIS to conform to the spatial standards of the detailed 
ecoregion/shoreline/enumeration area coverage in layer 1. 
An example of the results of the union between the first and 
second layers in the account is presented in Map 3.2 (page 
55). Similar land-cover statistics can be generated for any 
area in Canada. Information of this sort in a time-series for- 
mat is useful for environmental monitoring and resource 
management. 


2. The image was compiled from 45 separate satellite photos taken between 
4989 and 1992. A composite picture of the entire country is difficult to 
obtain because of cloud cover interference and seasonal variations in sur- 
face reflectance due to snow and other physical factors. 
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Map 3.1 


Ontario Census Division 3546 and Constituent Geo-statistical Hierarchy 


enumeration area boundary 


census subdivision caer ye 


Source: 
Statistics Canada, National Accounts and Environment Division. 


3.5.5 Layer 3: Land use 


The third layer in the Land Account is land-use. This layer 
is more complex than the first two because the activities it 
describes often overlap. Land-use activities can number in 
the thousands on a given parcel of land if both natural and 
human activities are considered. Examples of natural proc- 
esses that use land include water absorption and evapora- 
tion, vegetation growth and decay, and even seasonal heat 
loss and gain. Human land-using activities range from low 
intensity uses like recreation, to more intensive activities 
such as agriculture and forestry. 


Detailed land-use trends are important indicators of chang- 
ing biodiversity and environmental sustainability. Today’s 
societies’ impact on the environment can be measured in 
part through the changes it makes to land use patterns. 


As mentioned earlier (page 51), the Land Account currently 
employs a macro land-use classification that is Canada- 
wide. Text Box 3.12 (page 57) summarizes the land-use 
framework on which this classification is based, while Text 
Box 3.13 (page 57) shows the land-use classes them- 


selves. The Land Account includes estimates of land use by 
ecozone for all of Canada (217 ecoregions) for the sever 
land-use classes defined in Text Box 3.13. Where possible. 
this information is provided on a time-series basis so thai 
changes can be highlighted and assessed over time. 


As well as using the broad land-use classes listed in Tex 
Box 3.13, the Land Account is also able to draw upon Sta: 
tistics Canada’s Environmental Information System (EIS) tc 
provide more detailed land-use information. This is possible 
because of the GIS and its ability to combine disparate spa: 
tially-referenced information. The EIS is a GIS database 
that contains a wide variety of Statistics Canada’s socia 
and economic time-series data. Many of the series are use- 
ful in the development of land-use indicators; for example 
population distribution and density, dwellings, agricultura 
land value, major crop type, quantities of fertilizer applied tc 
cropland, and industrial information. 


Agricultural land use 


Information on agricultural land use for the Land Accoun‘ 
comes from the Census of Agriculture. The extent of farm: 
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Map 3.2 


Land Cover for the New Brunswick Portion of the Appalachians Ecoregion, 1992 


Scale 1 : 480 000 


: 
source: 
statistics Canada, National Accounts and Environment Division. 


and in Canada is taken from the census’ “agricultural ec- 
Jmene” for 1991. This ecumene (or land area) is based on 
he distribution of farms within enumeration areas. Individu- 
ul agricultural land-use activities are derived from the Cen- 
sus of Agriculture at the enumeration area level and are 
wvailable for 1971, 1976, 1981, 1986 and 1991. The 
and-use information is available at two basic levels of ag- 
jregation. The most detailed level describes individual 
ops, pasture type and even barnyard areas, while the 
nore aggregate information separates land into two broad 
‘lasses, referred to as improved and unimproved farmland. 
\ time-series of agricultural land use for Canada as a whole 
S presented in Table 3.11 to illustrate the aggregate agricul- 
ural information that is available in the Land Account. 


\nnex 3.1 lists all of the land-use variables available from 
he Census of Agriculture as well as the years for which they 
re available. For any given ecoregion and census year be- 
ween 1971 and 1991, information on the mix of crops, the 
ypes of livestock and hundreds of other agricultural land 
ises is available. It should be noted that this information is 
mited to commercial land uses; other uses such as wildlife 
labitat are not yet addressed. 


Zo 
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Forestland use 


Forest information in the Land Account comes from two 
sources. The extent of the forests is obtained from the Can- 
ada Vegetation Cover-Digital Satellite Image (Natural Re- 
sources Canada and Forestry Canada, 1994). Land-use 
information for forests is taken from CanFI91 (Lowe, Power 
and Gray, 1994), which stratifies Canada’s forestland ac- 
cording to 11 characteristics.! Map 3.6 (page 62) illustrates 
some of the information from CanF191 that has been incor- 
porated into the Land Account. 


Urban and rural land use 


The urban and rural components of the land-use layer for 
the Land Account are presented for Southern Ontario in 
Map 3.3 (page 58). This information is based on urban area 
figures from Statistics Canada’s 1991 Digital Enumeration 
Area Polygon File (Statistics Canada, 1991b). Of the 
45 995 enumeration areas in 1991, 29 802 were classified 


1. Data source; ownership status; land class; site quality; stocking; cause of 
disturbance; age; maturity; forest type; predominant genus year of infor- 
mation. 
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as urban, while 16 193 were rural. An urban EA is one 
where the population had reached at least 1 000 with a den- 
sity of at least 400 persons/km? at the time of the last pop- 
ulation census. 


Urban and rural land-use estimates for the Land Account 
are available for census years 1971, 1981, 1991 and 1996.! 
In 1991, urban EA polygons with non-zero populations were 
used as a baseline for calculating urban areas in other cen- 
sus years. These estimates are based on the spatial distri- 
bution of EA centroids in each census year. Urban EA 
centroids are given an average urban area from the 1991 
Digital Enumeration Area Polygon File. The EA centroids 
are then given circular buffers to represent urban land use. 
The results for 1971 and 1996 are presented in Map 3.3. 


3.5.6 Layer 4: Land potential 


Land potential, the fourth layer in the Land Account, pro- 
vides a measure of land capability. It is derived from bio- 
physical parameters such as climate, soil, geology, slope 
and drainage. Historical land-capability data from the Can- 
ada Land Inventory (CLI) (Environment Canada, 1981) are 
the basis for the land potential data in the account. 


The dominant land use on a parcel of land is often not a re- 
flection of the land’s physical potential. In some cases loca- 
tion is a stronger determinant of use than is physical 
potential, and trade-offs are commonly made regarding the 
final use of land. Every parcel of land in Canada has many 
different use potentials and these commonly overlap. Infor- 
mation on land potential is thus useful in planning for the 
most efficient use of our land resources. 


3.5.7 Layer 5: Land value 


An important role of the Land Account is to provide extend- 
ed estimates of the value of Canada’s land for inclusion on 
the CNBSA. Currently, the land included on the national bal- 
ance sheet is treated as a tangible, non-produced asset and 
recorded as “commercial land.” Commercial land is restrict- 
ed to land under residential and non-residential buildings, 
plus agricultural land. Residential land values are derived 
from Canada Mortgage and Housing Corporation building- 
permit data; the value of land under non-residential build- 
ings is derived from capital stock information. Values for ag- 
ricultural land are taken from farm real estate values 
reported to the Census of Agriculture. The agricultural land 
estimates are further split between land and buildings. 


Notable in the current treatment of land in the CNBSA is the 
exclusion of much of Canada’s land area. This includes, for 
example, all publicly owned forests and parkland. A key role 
of the Land Account is to establish values for these areas. 
The data on land use and land potential from layers 3 and 4 
of the account will be used as the basis for these extended 
value estimates. Estimates will be made for the value of “di- 


1. Preliminary estimates only are available for 1996. 


Table 3.11 
Agricultural Land Use, 1901-1991 


Improved farmland 


Improved Summer- Other Unimproved Total 

Year Cropland pasture fallow land! farmland farmland 
million hectares 

1901 8.1 -- -- 41 13.5 25.7 
1911 14.4 -- 1.0 4.3 24.4 44.1 
1921 20.2 3.1 4.8 0.5 28.4 57.0 
1931 23.6 3.2 6.8 itil 31.3 66.0 
1941 22.8 3.4 9.5 1.4 33.1 70.2 
1951 25.2 4.0 8.9 ie 31.2 70.4 
1961 25.3 44 11.4 1.0 28.0 69.8 
1971 27.8 441 10.8 1.0 25.0 68.7 
1976 28.3 44 10.9 0.9 24.2 68.4 
1981 30.9 44 9.7 1.4 19.8 65.9 
1986 33.2 3.6 8.5 0.7 21.8 67.8 
1991 33.5 4.1 7.9 5 i 67.8 


Note: 

1. Other land refers to barnyards, laneways and other unclassified lands. 
Source: 

Statistics Canada, Census of Agriculture. 


rect-uses” that are not currently on the balance sheet, such 
as recreational and forest use, and, if suitable methodolo- 
gies can be developed, for “indirect-use” and “non-use” val- 
ues as well.? 


The extent to which these extended land valuations will ul- 
timately be reflected in the CNBSA remains unresolved. 
Where suitable methods can be developed to value direct 
uses of land that are not currently valued—forests and parks 
for example—these estimates will eventually be included on 
the balance sheet. Decisions on the inclusion of other, less 
clearly defined, values—to the extent that these can be esti- 
mated—will be made in the future. 


3.5.8 Data gaps 


Very little information exists for industrial land use or for 
sanitary landfill sites and dumps. Estimation techniques will 
have to developed if these and other high impact land uses 
are to be tracked over time. 


Certain direct, and all non-direct, land uses also pose a siz- 
able data gap. What is the extent of recreational land in 
Canada? What lands are used by which species of wildlife? 
These questions must be addressed if we are to accurately 
describe Canada’s land-use patterns. 


From a valuation perspective, large data gaps exist for land 
areas such as nature preserves and wilderness areas. 
These have considerable societal value, but applying mon- 
etary values to them is difficult since they are not priced in 
the marketplace. Developing suitable non-market valuation 
methodologies for these resources remains a challenge. 


2. Direct-use values are those associated with human interaction with the 
land (agriculture and recreation for example). Indirect-use values are the 
values of the services (or functions) that humans derive from the land with- 
out actually using the land directly (flood and climate control for example). 
Non-use values include, among others, value derived from the knowledge 
of the continued existence of a species beyond its value for human use. 
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Text Box 3.11 
Land Cover Classification 


Coniferous forest: Continuous forest, 75 - 100 per- 
cent composed of coniferous trees. 


Broadleaved forest: Continuous forest, 75 - 100 per- 
cent composed of broadleaved trees. 


Mixed forest: Continuous forest, 26 - 75 percent com- 
posed of broadleaved or coniferous trees. 


Transitional forest: A mixture of land cover classes 
where tree cover is discernable but covers less than 
50 percent of the area. Tree density varies from open 
woodland to scattered groves of trees. 


Tundra: Treeless arctic and alpine vegetation with 
nearly continuous plant cover. 


Sparsely vegetated / barren land: Plants cover less 
than 25 percent of the surface. 


Text Box 3.12 
Land-use Framework 


‘Urban/Rural 
- population 
- dwellings 


‘Agriculture 
- cropland 
- pasture 
- unimproved land 


Forests 

- timber-productive 

- timber-unproductive 
- forest type 


Transportation 
- roadways 
- railways 


Utilities 
- power lines 
- pipelines 


Other 


Cropland: Land cultivated with crops. 


Rangeland and pasture: Land supporting native veg- 
etation, also includes improved and unimproved pas- 
ture. 


Perennial snow and ice: Snow fields and glaciers. 


Urban built-up area: Defined as all land within urban 
enumeration areas at the time of the 1991 Census of 
Population. ' 


Open water 


Sea ice 


Note: 

1. An urban enumeration area is one that had attained a population of at least 
1000 and a population density of at least 400 people per square kilometre at 
the time of the previous census. 

Sources: 

Natural Resources Canada and Forestry Canada (1994): Statistics Canada 

(1971, 1981, 1991a and 1991b), 


Text Box 3.13 
Land-use Classification 


Urban land: All land included in urban enumeration ar- 
eas as defined by the 1991 Census of Population.' 


Rural land: All land included in rural enumeration are- 
as as defined by the 1991 Census of Population.2 


Agricultural land: All land included in agricultural 
enumeration areas in the 1991 Census of Agriculture. 
Enumeration areas are proportionally allocated be- 
tween ecoregions where necessary. Digital satellite 
vegetation cover information is used to assign agricul- 
tural land use within large enumeration areas and to 
cross check statistics within ecoregions. 


Forestland: Timber-productive and timber-unproduc- 
tive forestland as defined in CanFl91 (Lowe, Power 
and Gray, 1994). 


Transportation land: Land used for primary and sec- 
ondary paved roads. 


Utilities land: Land used for power transmission lines, 
telephone lines and pipelines. 


Other: Land not classified elsewhere. For example, 
land used for tourism, recreation, wildlife habitat and 
other types of infrastructure is classified as “other.” 


Notes: 
1. An urban enumeration area is one that had attained a population of at least 


1000 and a population density of at least 400 people per square kilometre at 
the time of the previous census, Urban area estimates are from Statistics 
Canada (1991b). =s 

2. Rural areas include all areas that do not meet the urban definition. Rural area 
estimates are from Statistics Canada (1991b). 
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Map 3.3 


Urban and Rural Land Use in Southern Ontario, 1971 and 1996 


Source: 
Statistics Canada, National Accounts and Environment Division. 


3.5.9 Future directions for the Land 
Account 


The Land Account in its current form represents a signifi- 
cant advance in the land statistics available to Canadians at 
the national level. This is particularly true when one consid- 
ers that collecting national land information has not been a 
recent priority for the federal government (as land resources 
are mainly within provincial/municipal jurisdiction). Notwith- 
standing the strides that have already been made, there is 
still much scope for improving the current estimates and ex- 
panding the account in new directions. To this end, re- 
search in the immediate future will focus in the areas 
outlined below. 


¢ Given that much of Canada’s land resource falls under 
the jurisdiction of provincial governments, Statistics 
Canada will seek provincial input in the further devel- 
opment of national land statistics. For the most part 
this will involve the reorganization of existing informa- 
tion. In several years’ time the account will be able to 
take advantage of highly detailed digital cadastral in- 
formation! that will become available for most provinc- 
es in Canada. 


Extent of urban land use - 1971 


| Extent of urban land use - 1996 


Extent of rural land use 


¢ More complete land-use classifications will be re- 
quired once detailed provincial data are integrated into 
the account. Future editions of the Land Account will 
also require classifications that are more consistent 
with international standards.? The use of the CLUMP 
land classifications (see page 51), which go a long 
way toward satisfying both of these needs, is under in- 
vestigation. 


e The forest land-use information included in the ac- 
count to date represents only a first approximation of 
forestland use. The initial focus on commercial uses of 
the forest will be expanded through the development 
of information on non-market uses such as recreation 
and wildlife habitat. 


¢ The CLI data used to estimate land potential in the ac- 
count represent the best data currently available. They 
are, however, somewhat out of date and not as geo- 
graphically detailed as they might be. Future versions 


1. Cadastral information comes from provincial property registers, and 


includes lot size, location, land value and assessed taxes. 

2. Annex 3.2 presents one such classification: the Standard International 
Classification of Land Use (United Nations Statistical Commission and 
Economic Commission for Europe, 1985). 
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of the account will seek to use more detailed geology, 
soil, climate and drainage information to represent 
land potential. 


In view of the need for measures of the sustainability 
of economic activity, there is reason to re-examine the 
land values currently included in the CNBSA. This is 
particularly true for agricultural land. Current agricul- 
tural land values, which represent the market value as- 
signed to agricultural land by farmers, are problematic 
in two ways. First, they may not reflect all the environ- 
mental costs and benefits of agricultural activity. Sec- 
ond, they often contain large speculative elements that 
do not reflect the value of the land for agriculture, but 
its value in some alternative use (often for urban devel- 
opment). Thus, these values may be unsuitable for 
use in assessing the long-term economic and environ- 
mental sustainability of agricultural activity. Developing 
alternative, more relevant values of agricultural land is 
a complicated issue and Statistics Canada has not yet 
developed a suitable methodology. To date, prelimi- 
nary land-value estimates have been calculated for 
agricultural land in New Brunswick (McAuley, 1996). 
This pilot project attempted to calculate the value of 
agricultural land by estimating its economic rent. While 
the results of the project revealed serious methodolog- 
ical and data shortcomings, the lessons learned will 
be used to further refine the method for eventual appli- 
cation to the rest of the country. 
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Map 3.4 
Terrestrial Ecozones of Canada 
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Source: 
Ecological Stratification Working Group, 1995. 
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tural Resources Canada and Forestry Canada, 1994. 
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Map 3.6 
Wood Volume, All Species, 1991 
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Volume per hectare is calculated relative to total cell land area (including rivers and lakes). 
Source: 


Lowe, Power and Gray, 1994. 
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Annex 3.1 
Land-use variables from the Census of Agriculture 


Year 

Variable Unit of measure Description 71 76 84 86 94 
AOWNED hectares Area owned * * * * * 
ARNTED hectares Area leased or rented from individuals ‘ i 
ARNTEDT hectares Total area leased or rented, including governments 7 - : i 
CRPLND hectares Total area of cropland * * * * * 
FLOOD hectares Area irrigated by flood * 
HANDMO hectares Area irrigated by hand moved water 2 
IMPAST hectares Improved pasture : ¢ ; 
OTHIMP hectares Other improved land = : a 
OTHIRG hectares Other irrigated area ‘ 
OUNIMP hectares Other unimproved land and unimproved pasture A i 2 
PIVOT hectares Area irrigated by pivot 
SUMMRF hectares Summerfallow - : ‘ ‘ ‘ 
TFAREA hectares Total area of land operated i Z : is ‘ 
TILEDRN hectares Total area under drainage i 
TOTFER hectares Total area fertilized ; " - i 
TOTIMP hectares Total improved land ‘ 3 
TOTIRG hectares Total area irrigated ia b - i 
TOTUNIM hectares Total unimproved land ‘ 3 . : 
UNIMPAST hectares Unimproved pasture £ i i 
VOLGUN hectares Area irrigated by volume gun ‘ 
WDLAND hectares Woodland Pi s - ci 
WHEEL hectares Area irrigated by wheelroll i 
FEEDPD dollars Feed purchased 2 ‘ . 
APCTTA hectares Apricot orchards ‘ c : s 
APLETA hectares Apple orchards . ; é 
OTTFTA hectares Other tree fruit orchards : 
PEARTA hectares Pear orchards . ' ‘ ‘ 
PECHTA hectares Peach orchards p y ‘ 
PLUMTA hectares Plum and prune orchards : ‘ : 
SRCHTA hectares Sour cherry orchards ; q ( : 
TOTT AT hectares Total tree fruit orchards : ‘ : ; ; 
BARLEY hectares Barley for grain ; [ : ; 
BLUEBC hectares Cultivated blueberries : . 
BUCWHT hectares Buckwheat ‘ : : ; 
CANARY hectares Canary seed 
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Total other fodder crops (including barley for feed) 


86 91 


Variable Unit of measure Description 

CANOLA hectares Canola 

CARAWAY hectares Caraway seed 

CORNEN hectares Corn for silage 

CORNGR hectares Corn for grain 

CRANBC hectares Cultivated cranberries 

DFPEAS hectares Dry field peas 

FABABN hectares Fababeans 

FBEANS hectares Total dry beans 

FCROPS hectares Other fodder crops 

FCROPST hectares 

FDBARL hectares Barley for feed 

FDOATS hectares Oats for feed 

FLAXSD hectares Flaxseed 

FORAGESD hectares Forage seed 

GRAPESC hectares Cultivated grapes 

LENTIL hectares Lentils 

MILLET hectares Millet for grain 

MUSTSD hectares Mustard seed 

MXDGRN hectares Mixed grains 

NURSERY hectares Nursery products 

OATSGR hectares Oats for grain 

ODFBNS hectares Other dry beans 

OFIELD hectares Other field crops residuals 

OTHBERC hectares Other cultivated berries 

POTATS hectares Potatoes 

RASPBC hectares Cultivated raspberries 

RTCROP hectares Root crops for feed 

SAFLWR hectares Safflower 

SODGRN hectares Sod grown for sale 

SOYBNS hectares Soybeans 

STWBRYC hectares Cultivated strawberries 

SUGARB hectares Sugar beets 

SUNFLS hectares Sunflowers 

SWCHTA hectares Sweet cherry orchards 

TAMHAY hectares Tame hay 

TOBACO hectares Tobacco 

TOFIELD hectares Total other field crops 
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Year 

Variable Unit of measure Description 71 76 84 86 94 
TOTHAY hectares Total hay . * ‘ * * 
TOTOAT hectares Total oats * * * + x 
TOTOIL hectares Total oilseeds * * 
TOTRYE hectares Total rye * * * * a 
TOTVEG hectares Total vegetables ; r ‘ ; “ 
TOTWHT hectares Total wheat * * * - . 
TRITCL hectares Triticale * * * 
TSMFRTC hectares Total small fruits : : . ‘ 
WHITBN hectares White beans : 
OTHLND hectares peepee woodland and improved and 4 
SPINST hectares Area sprayed for insects . ; ‘ 
SPWEED. hectares Area sprayed for weeds “d : ; 
FLOWER square meters Greenhouse flowers 3 
GRMUSH square meters Total mushroom and greenhouse products > " ‘ _ Z 
MUSHRM square meters Mushrooms : * : 3 
OTHERGRN square meters Other greenhouse products r ‘ 
TOTGRN square meters Total greenhouse products 3 . * S 
VEGET square meters Greenhouse vegetables e z 
BFCOWS units Beef cows - 
BFHEFS units Beef heifers - 
BFSLGH units Slaughter heifers * 
BULLS units Bulls ; 
CALFU1 units Calves under 1 year < 
HORSES units Horses 4 i ° i 
MLKCOW units Milk cows - 
MLKHEF units Milk heifers 7 
STEERS units Steers : 
TCATTL units Total cattle ‘ A S F c 
TOPIGS units Pigs ; - : : 
TSHEEP units Total sheep ‘ , : j : 
TOTPLT units Total poultry mites wiirnek 300 6 oak 
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Annex 3.2 


Standard International Classification of Land Use 


1 Agricultural land 
1.1. Arable land 
1.2 Land under permanent crops 
1.3 Land under permanent meadows and pastures 
1.4 All other agricultural land, nec 


2 Foresi and other wooded land 
2.1 Land under coniferous forest 
2.1.1 With wood production the recognized major 
function 
2.1.2 With protection, conservation and biological 
use the recognized major function 
2.1.3 With recreation the recognized major function 
2.2 Land under non-coniferous forest 
2.2.1 With wood production the recognized major 
function 
2.2.2 With protection, conservation and biological 
use the recognized major function 
2.2.3 With recreation the recognized major function 
2.3 Other wooded land 
2.3.1 With wood production the recognized major 
function 
2.3.2 With protection, conservation and biological 
use the recognized major function 
2.3.3 With recreation the recognized major function 


3 Built-up and related land (excluding farm buildings) 
3.1 Residential land 
3.1.1 With mainly one or two-storey buildings 
3.1.2 With mainly three (or more) storey buildings 
3.2 Industrial land (excluding land classified under be- 
low) 
3.3 Land used for quarries, pits, mines and related fa- 
cilities 
3.4 Commercial land 
3.5 Land used for public services and facilities, exclud- 
ing transport and communication facilities 
3.6 Land of mixed use 
3.7 Land used for infrastructure facilities 
3.7.1 Land under motorways 
3.7.2 Land under other roads 
3.7.3 Land under railways 
3.7.4 Land under airports and related facilities 
3.7.5 Land under harbour and related (storage) fa- 
cilities 
3.7.6 Land under high-voltage transmission lines 
and under (surface) pipelines for the trans- 
port of fuels and other products 
3.7.7. Other land for infrastructure 
3.8 Recreational land 
3.8.1 Recreational land occupied by camping sites, 
secondary residences or vacation homes 
3.8.2 Other recreational lands nec 
3.9 Land used for the disposal of wastes 
3.9.1 Land used for the disposal of municipal waste 
3.9.2 Land used for the disposal of industrial and 
commercial wastes, including junk yards 


3.10 Related open land 
3.11 Other built-up land nec 


4 Wet open land 
4.1 Mires 
4.1.1 Ombrogenous mires 
4.1.2 Soligenous mires 
4.2 Wet tundra 
4.3 Other wet open land nec 


5 Dry open land with special vegetation cover 
5.1 Heathland 
5.2 Dry tundra 
5.3 Mountainous grassland 
5.4 Other nec 


6 Open land without, or with insignificant, vegetation 
cover 
6.1 Bare rocks, glaciers, perpetual snow 
6.1.1 Bare rocks 
6.1.2 Glaciers and perpetual snow 
6.2 Sand beaches, dunes, other sandy land 
6.3 Other nec 


7 Waters © 

7.1 Inland waters 
7.1.1 Natural watercourses 
7.1.2 Artificial watercourses 
7.1.3 Inland sea (freshwater or saline), lakes, 

ponds, coastal land-locked water bodies 

7.1.4 Artificial water impoundments 
7.1.5 Other inland waters nec 

7.2 Tidal waters 
7.2.1 Coastal lagoons 
7.2.2 Estuaries 
7.2.3 Other tidal waters nec 


Source: 


United Nations Statistical Commission and Economic Commission for Europe, 
1985. 


66 _ Statistics Canada - Catalogue no. 16-505-GPE 


Concepts, Sources and Methoc 


Linking the Environment and the Economy 


4 Material and Energy 


Flow Accounts 


Introduction 


The Material and Energy Flow Accounts (MEFA) represent 
the second major component of the System of Environmen- 
tal and Resource Accounts described in this volume. The 
MEFA record in substantial detail the annual flows of mate- 
rials and energy—in the form of resources and wastes—be- 
tween the Canadian economy and the environment. These 
flows are related to the activities of industries, households 
and governments, and they are recorded as such in the ac- 
counts. Data for over 160 industries, plus a wide array of 
household and government activities are presented. The 
MEFA share their classifications of industries, households 
and governments with Statistics Canada’s Input-Output Ac- 
counts (Statistics Canada, 1987).' This allows the environ- 
mental data in the MEFA to be linked directly and easily with 
the economic data found in the Input-Output Accounts, add- 
ing value to both data sets. 


Along with their detailed portrait of economic activity, the 
MEFA present an equally detailed view of the associated re- 
source and waste flows. In principle, the accounts record all 
the resources and wastes that cross the environment/econ- 
omy boundary. In practice, they are limited in what they can 
offer by the range of data available. Statistics Canada and 
other public and private organisations are working to ex- 
pand this range, so that the detail with which the MEFA cov- 
er resource and waste flows will expand with time. 


The MEFA represent a unique source of environmental in- 
formation, never before available in Canada. Although 
some of the basic data that they present are available else- 
where, these data are typically dispersed among many or- 
ganisations and are often difficult to access. The MEFA 
represent the first effort to bring these resource and waste 
data together as a single, consistently organised and com- 
prehensive set. The accounts can thus be thought of as a 
kind of “one-stop-shopping’ for resource and waste flow da- 
ta. More importantly, they represent the first time that de- 
tailed data on resource and waste flows have been directly 
linked with the rich body of economic statistics available 
from Statistics Canada. It is this linkage of economic and 
environmental data, within the well-established and widely- 
used framework of the CSNA, that represents the true 
strength of the MEFA (and indeed of the other components 
of the CSERA). The analytical power that this linkage offers 
contributes substantially to our ability to study the Canadian 
economy and the demands it places on the environment. 


1. For those readers not familiar with these accounts, they are described in 
detail in Annex 4.1. 
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Such understanding has an important role to play in the in- 
formed management of the economy toward the simultane- 
ous realisation of our economic and environmental goals. 


Scope of the accounts 


The MEFA are compiled on an annual basis, intentionally 
matching the frequency of the Input-Output Accounts. This 
accounting period is generally compatible with environmen- 
tal data as well, many of which are compiled annually. 
Moreover, one year is an appropriate time frame for analys- 
ing many material and energy flows. Resource consump- 
tion, for example, is not highly time-sensitive, as resources 
tend to be used over long periods of time. Likewise, many 
of the environmental effects associated with wastes mani- 
fest themselves not over months, but over years and dec- 
ades. Some waste-related effects are highly time sensitive 
however-—eutrophication of waterways and urban smog for 
example. For these effects there is a very short time lag be- 
tween release of the responsible wastes and the appear- 
ance of the effect. Although a shorter reporting period might 
be more suitable for such wastes, given current environ- 
mental data, an annual frequency is the best achievable for 
the MEFA. | 


The geographical scope of the MEFA is national. The pri- 
mary motivation for this choice is, as above, the need to 
make the accounts compatible with the Input-Output Ac- 
counts. Since the latter are currently compiled only at the 
national level,? it is appropriate to choose this as the starting 
point for the MEFA. The national level is, again as above, 
the relevant scale at which to analyse some resource and 
waste flows but not others. Global warming, acid rain and 
ozone depletion are all waste-related issues with impacts at 
the national level and beyond. It is thus reasonable to ana- 
lyse the waste emissions that contribute to these issues at 
the national level. Likewise, for natural resources that are 
not regionally concentrated—timber for example—the nation- 
al level is an appropriate level of analysis. The national level 
is not most appropriate for some resource- and wasie-relat- 
ed issues however. The wastes that contribute to urban 
smog, for example, are not of equal interest to all Canadi- 
ans. Those who live in cities are likely to be very interested 
in the trends in these emissions, while rural Canadians 
might be less so. For the moment however, regional/local 
analysis of material and energy flows remains a goal for the 
future. 


In theory, the MEFA measure all material and energy flows 
in the environment/economy system. In practice, it is nei- 
ther possible nor desirable that the accounts be this com- 
plete. It is not desirable because some flows are of such 
little interest from an environmental perspective as to be not 
worth recording. The use of materials that are nearly unlim- 
ited—air for example—is one such case. It is not possible to 
be comprehensive because Canadian data representing 
material and energy flows are incomplete. Indeed, currently 


2. Current plans cail for the development of annual provincial input-output 
accounts by the year 1998. The only consistent, annual time-series of 
accounts currently available is at the national level however. 
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available data represent only a fraction of these flows (al- 
though the flows that are measured are among the most im- 
portant). As expanded data on material and energy flows 
are developed, the range of materials and energy meas- 
ured in the account will grow. 


4.1 Rationale, uses and linkages 


4.1.1. Why account for materials and 
energy? 


The rationale for developing the MEFA rests on arguments 
that economic use of the environment has exceeded (or is 
approaching) critical thresholds. Although human degrada- 
tion of the environment is not new,’ there are both qualita- 
tive and quantitative differences between the environmental 
impacts of economic activity in the past and those of today. 
A major difference is that of scale. While the environmental 
degradation that occurred in ancient times was mainly local- 
ised and attributable to a few activities, today it is wide 
spread and associated with myriad activities. As the quote 
from John Evelyn in the footnote below demonstrates, Eng- 
land in the seventeenth century knew mainly good air qual- 
ity with only isolated degraded areas. The contrast with the 
modern world is striking. England (and much of the rest of 
the earth) is no longer characterised by isolated areas of de- 
graded environmental quality surrounded by verdant na- 
ture. Rather, the environmental effects of economic 
activities are felt in all corners of the planet, very often in 
places far removed from the source of the effect. Perhaps 
most worrisome is the fact that environmental systems once 
considered too large (the global climate) or too remote (po- 
lar regions) to be significantly affected by human activities 
are today under threat. Examples of the pervasive and 
large-scale effects of modern economic activity are easily 
found: 


e the presence of toxic pollutants in polar regions as a 
result of their long-range air transport from industrial 
regions; 


e the “death” of many lakes over eastern North America 
and western Europe as a result of acid rain; 


¢ rapid, human-induced increases in the atmospheric 
concentrations of carbon dioxide and other “green- 
house gases”, which are likely to cause global climate 
change in the coming decades; 


ms 


. Historians tell us that the Tiber River in Ancient Rome was badly polluted. 
Noxious air pollution in seventeenth century London, England was also a 
recognised problem. London’s air during this period was so bad that the 
diarist John Evelyn complained to the reigning monarch that “in all other 
places the Aer is most Serene and Pure, [while in London] it is Ecclipsed 
with such a Cloud of Sulphure, as the Sun itself, which gives day to all the 
World besides, is hardly able to penetrate and impart it here.” (Greenwood 
and Earnshaw, 1984; p. 825.) 


e a “hole” in the earth’s protective (and irreplaceable 
ozone layer due to releases of chlorofluorocarbor 
(CFC) refrigerants and other gases; 


* unprecedented rates of species loss due to habitat de 
struction and unsustainable harvest rates for renewa 
ble resources; 


¢ the decline of important fisheries to the point of com 
mercial inviability in many regions of the world. 


Another important distinction between past economic activ 
ity and that of today is the fact that the environment has es 
sentially no assimilative capacity for many of the waste 
materials released from modern economic activities. Fo 
example, the family of chemicals known as the halocar 
bons—best known for their role in depletion of the ozone lay 
er-have atmospheric lifetimes that range from a fev 
thousand to tens of thousands of years. Human activitie: 
are the sole source for releases of many of these com 
pounds (Houghton et a/., 1996). The creation of such long 
lived compounds means that the environmental effects o 
current economic activities may be felt for hundreds o 
years into the future. 


It is clear from the above examples, and the many other: 
that could have been noted, that economic activity has lon: 
since passed the point where the environment can be taker 
for granted as a source of resources and a dump for wastes 
Both local and global environmental capacities to absort 
wastes are being pressed upon today in unprecedentec 
ways. Likewise, the environment’s capacity to supply the re 
sources needed to meet the economy’s growing materia 
demands is increasingly being exceeded. The measure 
ment of the quantity of material and energy flows in the Ca 
nadian economy and the “intensity” with which we use th« 
environment has thus become essential.? It is with this ob 
jective in mind that the MEFA have been created. 


It is perhaps easier to make a case for the importance of the 
MEFA in terms of what they reveal about our waste flow: 
than what they reveal about the production and consump 
tion of resources. Most Canadians are familiar with the im 
pacts of waste from first hand experience of air, water ant 
land pollution. Fewer Canadians directly feel the environ 
mental impacts of excessive resource use (although thos 
who make their living in resource-based industries are cer 
tainly familiar with the associated economic impacts). A rea 
sonable person might therefore ask, “Is there as compellins 
a reason to account for resources as there is for wastes? 
Two arguments suggest there is. 


First, although Canada is not in immediate danger of run 
ning out of most of its natural resources, there are certail 
instances where our resource stocks have been deplete: 
almost, or completely, to extinction. The disappearance c 
commercially viable stocks of northern cod off the eas 
coast is perhaps the best recent example of this. One coul 


2. In this context, intensity is taken to be the degree to which the environmer 
is used as a source of raw materials or a sink for wastes per unit of ecc 
nomic output. 


68 Statistics Canada - Catalogue no. 16-505-GPE 


Concepts, Sources and Method 


Linking the Environment and the Economy 


Material and Energy Flow Accounts 


cite as well the near disappearance of old-growth forests 
across the country and the slow, but continual loss of prime 
agricultural land to urban development. In such cases it is 
important to measure both how much of the remaining re- 
sources we are consuming and how they are being con- 
sumed. Even for resources that are abundant in supply it is 
sensible to monitor use, particularly for non-renewable re- 
sources that will, by definition, run out one day. The MEFA 
are designed to provide measures of resource use that can 
facilitate monitoring of this sort. 


The second argument in favour of measuring resource 
flows is related to the concerns already raised with respect 
to waste production. This is quite simply that the quantity of 
waste produced by economic activity is directly related to 
the quantity of raw materials and energy consumed in the 
first place. The basic law of conservation of mass and ener- 
gy! demands that all material and energy entering the econ- 
omy must leave it again at some point (or be permanently 
stored within it). Thus, any problem of excessive waste out- 
putis in the first place one of excessive material and energy 
input. 


Often there is very little time lag between the entry of raw 
material or energy into the economy and its exit again as 
waste. Many goods (and all forms of energy) have very 
short life spans in the economy, becoming wastes almost 
immediately following their production and use. Foodstuffs 
and their containers, fossil fuels and many household prod- 
ucts are all examples of such goods. Other goods are long- 
er lived and are temporarily stored within the economic 
system in the form of buildings, roads, machinery and other 
“durable” goods. Yet even these durable goods eventually 
wear out become waste. There is, then, a direct link be- 
tween the scale of raw material and energy used in produc- 
ing goods and services and the quantity of waste produced 
as a result of economic activity. 


There is, of course, a less direct relationship between the 
types of material and energy used in the economy and the 
wastes produced. Raw materials and energy entering the 
economy can undergo conversion into any of the thousands 
of products used by consumers. Wastes are produced all 
along this series of transformations, as well as when the fi- 
nal products themselves have served their useful lives and 
become waste. Simply accounting for the use of raw mate- 
rial and energy does not allow one to determine what all of 
these waste products will be. This is why the MEFA meas- 
ure the flows of both resources and wasies. 


Another, increasingly important, issue on which the MEFA 
shed light is that of recycling. Not all the wastes we produce 
are disposed of. More and more, wastes are diverted back 
into production processes through recycling programs. Al- 
though this is not a new phenomenon,” only recently have 


1. This fundamental law of science states that (except in nuclear reactions) 
mass and energy are conserved in all processes. That is, what goes into 
a system in terms of mass and energy must again come out, or else be 
permanently stored within the system. 

2. Rag collection for paper production was common in ancient times and met- 
als have always been recycled because of their high value. 
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we seen the large-scale, institutionalised recycling pro- 
grams to which most Canadians have access today. The 
motivation for recycling has changed as well. Whereas a 
material had to have significant scrap value to be recycled 
in the past, now the motivation for recycling is just as apt to 
be resource conservation and environmental protection as 
it is to be the search for profit. Whatever the motivation, re- 
cycling rates have increased dramatically in recent years as 
more and more households have gained access to curb- 
side collection programs. Businesses and governments are 
also diverting an increasing amount of their solid wastes 
into recycling programs. Recycled waste materials pro- 
duced from such programs represent direct substitutes for 
new (virgin) materials. Thus, their use represents a means 
of decreasing the raw material intensity of production; that 
is, reducing the quantity of virgin raw materials required per 
unit of production. Since the MEFA are intended to measure 
the material intensity of production processes, they are de- 
signed to account for the use of both recycled and virgin re- 
sources. 


4.1.2 Uses of the MEFA 


Considerable use has already been made of MEFA data in 
university research projects. Other researchers accus- 
tomed to using Statistics Canada’s economic data and con- 
cepts will also find the MEFA useful, as their classifications 
allow easy incorporation of material and energy flow data 
into existing models buiit around these concepts. 


Journalists as well should find the MEFA of interest, partic- 
ularly for the new context that they provide for reporting on 
the economy. In addition to the economic indicators that 
journalists are accustomed to using from Statistics Canada 
(GDP, unemployment rates, interest rates and so on), the 
MEFA now provide important environment-economy indica- 
tors that shed additional light on the nature of economic de- 
velopment in Canada. These are quantitative measures 
that define the extent to which the economy places de- 
mands on the environment as a source of raw materials and 
as a sink for waste materials. The indicators currently devel- 
oped from the MEFA are presented in Text Box 4.1 S 


The rationale underlying all of these indicators is, as argued 
above, that current material and energy flows approach or 
exceed those that are environmentally sustainable in the 
long-term. The indicators have been selected as key varia- 
bles to monitor in this regard as the economy develops over 
time. Each one considers an important aspect of the econ- 
omy’s use of the environment as a source of material or as 
a sink for wastes. By uniting the environmental data in the 
MEFA with the economic data in the Input-Output Accounts, 
these indicators tell us how our economy is developing with 
respect to its demands on the environment. While they can- 
not themselves answer the question “What is a sustainable 
level of material and energy flows?” (that is a task for phys- 


3. These indicators, and the technical detaiis of their derivation, are dis- 
cussed in more detail in Annex 4.2. 
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Text Box 4.1 
Resource and Waste Indicators 
Developed from the MEFA 


resource intensity of industrial output 


resource intensity of household consumption 


resource intensity of net exports 


waste intensity of industrial output 


¢ waste intensity of household consumption 


waste intensity of net exports 


renewable energy as a proportion of total energy 
production 


recycled proportion of total resource use 


ical scientists), they can demonstrate broadly whether the 
economy is heading toward or away from environmental 
sustainability. Other things equal, if fewer demands are 
placed on the environment (in terms of resource and waste 
flows) per unit of economic output over time, the develop- 
ment path is leading toward sustainability. As more scientif- 
ic information regarding the environment’s capacities to 
provide resources and absorb wastes becomes available, 
these indicators will allow more concrete statements about 
the absolute environmental sustainability of the economic 
activity to be made. 


A core set of material and energy flow indicators based on 
the MEFA is to be published annually—along with other 
economy/environment indicators developed by Statistics 
Canada—beginning with the first release of the CSERA in 
1997. These environment-economy indicators provide im- 
portant counterparts to the long-standing economic indica- 
tors published by Statistics Canada. Their creation makes it 
possible now to consider the development of the economy 
vis a vis Our economic goals while at the same time consid- 
ering the accompanying growth (or decline) in resource 
consumption and waste production. They allow this by an- 
swering questions of the following sort: 


* what raw materials and energy are consumed by the 
economy, in what quantities and by whom; 


¢ what is the “intensity” of our resource use; that is, how 
much raw material and energy is required to produce 
one unit of economic output; 


¢ what waste products are emitted from the economy, in 
what quantities and by whom; 


¢ what is the “intensity” of our use of the environment for 
waste absorption; that is, how much waste is released 
per unit of economic output; 
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e is resource use/waste output increasing or decreasin« 
over time, both in absolute terms and per unit of out 
put; 


¢ what wastes are recycled, in what quantities and b 
whom; how much raw material and energy input i: 
avoided by the use of recycled wastes? 


4.1.3 Linkages to other accounts 


Relationship to other components of the 
CSERA 


Of the other major components of the CSERA described i 
this volume, the MEFA are most closely related to the Nat 
ural Resource Stock Accounts (Chapter 3). Indeed, the an 
nual withdrawals of resources recorded in the Naturé 
Resource Stock Accounts (physical versions) are carrie 
over to the MEFA. Not all of the resource production record 
ed in the MEFA has a counterpart in the Natural Resourc: 
Stock Accounts however. The opposite is true as well; ther 
are resources for which there are data in the Natural Re 
source Stock Accounts but no data in the MEFA. Resource 
for which there are only flow accounts include fish and othe 
wild flora and fauna,' and water. Stock accounts for thes 
resources have not yet been developed due to data shor 
comings. As for resources for which there are stock data bt 
no flow data, the only example is land. Although the Lan 
Account (as described in Section 3.5) represents Canada’ 
land area in great detail, because land is immobile there i 
no corresponding flow account in the MEFA.? 


One can postulate an indirect relationship between th 
MEFA and the resource values measured in the monetar 
versions of the Natural Resource Stock Accounts, as th 
value of natural resources is presumably influenced b 
waste emissions. Forests affected by acid rain, for example 
are less valuable than those that are unaffected. A relatior 
ship also exists in theory between the Environmental Prc 
tection Expenditure Accounts (Chapter 5) and the MEFA 
as expenditures on equipment to abate pollution should re 
sult in measurable reductions in waste emissions. Althoug 
these relationships exist in theory, no attempt has yet bee 
made to quantify them. 


International comparisons 


Canada is not alone in its development of material and er 
ergy flow accounts based on input-output accounts. Natior 
al statistical agencies in several other countries—Th 
Netherlands, Germany and Sweden in particular—have ur 
dertaken similar work. 


The Netherlands Central Bureau of Statistics (de Boer ¢ 
al., 1996) has developed balances that describe in physicé 
terms the supply and use of various materials (iron, stee 
zinc and energy). From these balances they have cor 


1. Flow accounts for these resources are planned for the future. 
2. Land in this context refers to the surface area of the nation and not to th 
soil lying beneath the surface. 
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structed physical input-output tables that show the quanti- 
ies of each material (or energy) used by industries and final 
consumers. Based on these tables, they then analyse the 
jirect, indirect and total quantities of materials and energy 
‘equired to produce goods and services. 


The Federal Statistical Office of Germany (Stahmer et 
al., 1996) has constructed a very elaborate set of input-out- 
out accounts in which all flows are measured in physical 
units. This differs from the approach taken in the MEFA, in 
which not the entire set of flows in the economy is measured 
n physical terms, but only the flows of specific materials 
and energy. The German researchers argue that complete 
ohysical input-output accounts yield analytical results supe- 
ior to those possible with the combined physical/monetary 
data of the MEFA. They admit, however, that the cost of 
heir production can match that of monetary accounts (sev- 
sral million dollars annually in the Canadian context). 


n contrast, Statistics Sweden explicitly notes the useful- 
Yess of comparing physical data and economic data within 
he input-output framework. Among other measures, they 
suggest that this combination of physical and economic 
Jata be used to assess “trends in dematerialization” (that is, 
he changes in the flows of resources and wastes per unit 
of economic output) (Andersson, 1996). This is exactly what 
several of the indicators described in Annex 4.2 are intend- 
2d to do. 


4.2 Key concepts 


Several concepts figure importantly in the presentation of 
lhe MEFA accounting framework in the following section. 
For the sake of clarity, these are defined and discussed 
rere before proceeding with the discussion of the frame- 
work itself. 


Economic activity is defined to include all human activity 
hat involves the production and/or consumption of goods 
and services. These goods and services may be traded in 
lhe market, or they may be produced and consumed by the 
same economic agent. Thus, household withdrawal and 
use of groundwater is considered economic activity in the 
MEFA. This is in contrast to the Input-Output Accounts, 
where only production and consumption of goods and serv- 
ces traded in the market is recognised as economic activity. 


Three categories of economic agents are recognised in the 
MEFA: industries, persons and governments. 


Industries are groups of establishments producing the 
same, or similar, goods or services for sale on the market 
with the intention of generating profit. All industries, when 
faken together, comprise the business sector. Crown corpo- 
rations that behave essentially like private enterprises, such 
as VIA Rail, are considered part of the business sector. Oth- 
er public institutions (hospitals, schools, universities) that 
receive the major part of their funding from government and 
that do not operate with a profit motive are not considered 
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part of the business sector (they are treated instead as part 
of the government sector). 


Persons are defined as private citizens! in their role as con- 
sumers of goods and services and as non-market produc- 
ers of resources and wastes. Again, this is in contrast to the 
Input-Output Accounts, in which persons are recognised 
only in their capacity as consumers. (Note that the terms 
“households” and “persons” are used interchangeably in 
this chapter.) 


Governments are defined as either federal, provincial or 
municipal public administrations, agencies or organisations 
engaged in providing public services. These services in- 
clude national defence; construction, maintenance and op- 
eration of public infrastructure (roads, sewage treatment 
plants and airports for example); social services (health, ed- 
ucation and welfare) and municipal services (snow clearing 
and waste collection for example). 


Resources, as defined in the MEFA, are the fundamental 
material and energy building blocks of the economy: met- 
als, nonmetallic minerals, wood, flora and fauna (domestic 
and wild), water, fossil fuels and electricity. All the commod- 
ities that we consume, from clothing to food to cars, are de- 
rived in one way or another from these basic building 
blocks. Both the virgin forms of these materials, as well as 
the recycled wastes that compete head-to-head with them, 
are considered resources in the MEFA. 


It is important to recognise that there is no requirement for 
material or energy to be traded in the marketplace for it to 
be treated as a resource in the MEFA. Both the flows of raw 
materials and energy produced for sale on the market as 
well as those produced for self-consumption are represent- 
ed in the accounts. 


Resources are said to be produced when they are extract- 
ed by an economic agent from their natural state in the en- 
vironment and brought into the economy, either for 
subsequent sale in the market or for self-consumption by 
the producer. In the case of recycled waste materials, pro- 
duction is defined to occur when a waste material is reproc- 
essed so that it may be used again in production activity. 


Resources are said to be consumed when they are sold by 
the producer to another economic agent (either domestical- 
ly or in a foreign country) or when they are used directly by 
the producer as an input into an economic activity. An ex- 
ample of the latter is the cooling water used in thermal elec- 
tric power plants. In this case the power company is both 
the producer of the resource (as it is responsible for extract- 
ing the water) and the consumer of the resource (as it 
makes use of the water in its plant). 


Waste is defined for the purposes of the MEFA as any ma- 
terial/energy that is of no value to the producer and that is 
disposed of, either directly to the environment or through 
another economic agent without remuneration to the pro- 


ducer. 


1. The personal sector is defined also to include non-profit organisations 
(religious groups, labour unions and social clubs for example). 
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Waste is said to be produced when, in the process of en- 
gaging in economic activity, an economic agent creates ma- 
terial or energy for which it has no purpose and disposes of 
it. The waste might be formed as an unwanted by-product 
during a production or consumption process, or it might be 
a good that has served its useful life and no longer has a 
purpose for the owner. 


Waste is said to be consumed by any economic agent who 
accepts responsibility for its disposal or who accepts it as an 
input into a production process. For example, when the gov- 
ernment or the waste management industry collects waste 
for disposal, they are acting as a waste consumers. (Note 
that they are also considered to be waste producers when 
they dispose of the waste again.) Likewise, if one industry 
accepts the waste of another industry for direct use as a raw 
material input, the accepting industry is acting as a waste 
consumer. If no agent accepts responsibility for the waste 
(that is, if it is disposed of directly in the environment), then 
the environment is said to “consume” the waste. ' 


It is important to recognise that the term “waste” as used in 
the MEFA encompasses ail types of wastes, regardless of 
physical form (gas, liquid, solid or some form of energy) or 
point of entry into the environment. This generic terminolo- 
gy is in contrast to the more specific terminology often used 
in environmental statistics. Wastes are typically referred to 
in the environmental literature in terms specific to the re- 
ceiving environmental medium. Thus, wastes entering the 
atmosphere are “emissions”, waterborne wastes are “efflu- 
ents”, and wastes that are disposed of on land are actually 
called “wastes” (as in solid wastes, hazardous wastes). This 
more cumbersome terminology has intentionally not been 
adopted in the MEFA. The position taken here is that the 
use of several terms to describes wastes is unnecessarily 
confusing, particularly for infrequent or new users of waste 
statistics. 


Another point that must be emphasised about the definition 
of waste is that material or energy need only be valueless 
to its producer for it to be considered waste in the MEFA. 
Even material (or energy) that can be used for another pur- 
pose elsewhere in the economy is considered waste so long 
as it has no value for the producer. Empty aluminum bever- 
age cans, for example, are defined as waste on the basis 
that they have no positive value to the beverage consumer; 
from her perspective, they are waste that must be disposed 
of. The fact that a recycling program exists through which to 
discard the cans does not lessen her need to do so. It sim- 
ply gives her an alternative means of disposal. In the ab- 
sence of such a program, she would still think of them as 
waste and wish to dispose of them. Only if the cans have 
real value for her will she choose not to discard them, but 
seek to use them (or sell them) instead. In this case, the 
cans are not waste, but valuable commodities not unlike the 
Anite of other commodities that are traded in the econ- 
omy. 


1. The details of waste production and consumption are explained more fully 
in Section 4.3.2. 
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Many readers may object to the above treatment of wast 
on the grounds that aluminum beverage cans (and other re 
cyclable materials) should not be labelled wastes—with a 
the associated negative connotations. Rather, they migh 
argue, such materials should be viewed in a positive light a 
valuable resources. While this argument has a good deal c 
emotional appeal (no one likes to think of recyclables a 
wastes), it is cumbersome to implement from an accountin: 
perspective. Multiple categories would be required in th 
MEFA framework to do so: 


¢ recyclable wastes actually recycled; 
e recyclable wastes not recycled; 


* potentially recyclable wastes for which no recycling fe 
cilities exist; and 


¢ non-recyclable wastes. 


Including all these categories in the already complex MEF, 
framework is practically difficult. It also presents a concer 
tual problem in that the same material might fall into sever 
categories at once. Returning to the earlier example, a bev 
erage can might fall into any of the first three categories. 

it is recycled, it clearly falls into the first category. But whe 
if itis not recycled? It might be considered a “recyclable me 
terial not recycled.” But it could also be considered a “poter 
tially recyclable material for which no recycling facilities” if 
is collected in a region where recycling is not practisec 
Then there is the problem of defining which materials are re 
cyclable wastes and which are simply wastes. In many ir 
stances this is easily done; carbon monoxide from aut 
exhaust is clearly a waste, as it cannot be recycled. Whe 
about furniture? Although furnishings are in theory recycle 
ble, in practice this is rarely done because of the cost an 
effort involved. So, should furniture be accounted for a 
non-recyclable or potentially recyclable waste? The answe 
is not clear. 


All this is not to say that the MEFA ignores the recycling « 
wastes. On the contrary, recycling is explicitly defined i 
the framework as the diversion of waste materials back int 
the economy for reuse so that the amount of waste prc 
duced by the economy is reduced. The sale of waste mate 
rial from one process for use in another process may or ma 
not be considered recycling, depending on the circumstan¢ 
es. When undertaken for profit on the part of the waste pre 
ducer, this type of transaction represents not the recyclin 
of wastes but the exchange of valued goods between ecc 
nomic agents. It is thus outside the scope of the waste flow 
measured in the MEFA. However, when the sale price « 
waste is intended only to cover the producer’s costs in th 
transaction, the material is considered to be a recycle 
waste (as it has no positive value to the producer). The a 
gument here is that the alternative destination for this mate 


2. Note that the existence of a deposit-refund system for beverage cans do 
not change the nature of the cans from waste to valuable commodity. Tt 
refund associated with returning the cans simply offsets the deposit th 
was paid when the beverage was purchased and does not give the cans 
positive value. 
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lis disposal and that the transaction therefore represents 
2 diversion of a waste back into the economy. 


nits of measure 


| material and energy flows are recorded in the MEFA us- 
J physical units of measure. Material flows are recorded 
the extent possible using weight units (grams). Where 
S is not possible, volumetric units (litres) are used. Energy 
ws are recorded using the basic unit of measure for ener- 
(joules). Hybrid units of measure designed specifically 
‘reporting certain types of material and energy flows are 
30 used where appropriate, as explained below. 


1ysical units are particularly well suited to material and en- 
gy flow accounting. A suitable physical unit can be found 
measure any flow and it is possible, although not always 
actical, to measure different flows using the same unit of 
2asure. In the case of energy, all flows can be measured 
ing the basic energy unit, the joule. Likewise, the gram— 
2 basic measurement unit for weight-can be used to 
2asure any material flow. Some material flows are most 
propriately measured in units other than weight however. 
though scrapped cars are made up of steel, plastic, fabric, 
Dber and a variety of other materials, it may be difficult to 
2asure and report the exact weight of each of these ma- 
‘ials in each car. In such cases, it may be necessary in- 
2ad to record only the number of items scrapped. In other 
ses, it may be more appropriate to measure material 
ws in volumetric units. In the case of municipal solid 
aste disposed of in landfill sites, for example, it is more the 
lume of the material that is of concern than its weight, and 
2 most appropriate unit of measure is cubic metres (thou- 
nds of litres). 


nce all material and energy flows can be measured using 
single unit of measure (either the gram or the joule), sum- 
ation of flows of different material or energy types is pos- 
)le. Although this is possible, it is done in the MEFA only 
1en the resulting sum is meaningful. Although there is no 
ference in weight between one tonne of old newspapers 
id one tonne of used car batteries, there is a tremendous 
ference in the potential environmental impact of the two 
waste materials. Thus, to sum these two flows and report 
elease of “two tonnes of solid waste” would be to obscure 
2 potential seriousness of these releases on their own ac- 
unt. In order to avoid “adding apples and oranges” like 
s, individual material flows are normally reported sepa- 
tely in the MEFA. There are, however, cases where flows 
different materials (particularly wastes) can be measured 
.a comparable basis—and made summable—by using spe- 
ically developed weights. These allow different waste 
ws to be put on a comparable basis by taking advantage 
similarities between the wastes in terms of environmental 
fects. One such unit, useful for measuring greenhouse 
is emissions, is explained below to illustrate the concept. 


veral different gases are responsible for the so-called 
eenhouse effect: carbon dioxide, methane, nitrous oxide 
d chlorofluorocarbons being the most important. The rel- 
ve effectiveness of each of these gases at trapping heat 
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in the atmosphere has been determined from scientific 
Studies. The concept of global warming potential (GWP) 
has been developed as an index (or weight) that takes into 
account the relative effectiveness of each gas. Carbon diox- 
ide, the least effective of the four at trapping heat, is arbitrar- 
ily assigned a GWP of 1; other gases are assigned values 
in proportion to their heat trapping power relative to that of 
carbon dioxide (Houghton ef a/., 1996). GWP thus repre- 
sents a weight that can be used to place greenhouse gas 
emissions on a common basis and allow summation of 
emissions. Emissions of all four of the gases can be ex- 
pressed in terms of the hybrid unit of measure “carbon diox- 
ide equivalent emissions” by multiplying actual emissions 
by the appropriate GWP. For example, given methane’s 
GWP of 21, one tonne of methane emitted is equivalent to 
21 tonnes of carbon dioxide in global warming terms. By 
weighting all greenhouse gas emissions by their respective 
GWPs in this manner, it is possible to sum them to produce 
total “carbon dioxide equivalent emissions.” 


Weights have been developed that allow other wastes to be 
measured in terms of hybrid units (Puolamaa et al., 1996). 
Emissions of acid-rain causing and ozone-depleting gases, 
for example, can be weighted and measured on a common 
basis. Where possible, this process of weighting and aggre- 
gating using hybrid units is used in the MEFA, as it greatly 
simplifies the interpretation of the data. A major focus of the 
ongoing development of the accounts will be the search for 
hybrid measurement units and weights for other types of 
wastes. One category of weights that will be considered for 
development in the longer term is prices. By estimating the 
unit costs associated with various forms of wastes and us- 
ing these to weight their emissions, it would be possible to 
measure waste flows using the same metric used for other 
flows in the CSNA (that is, dollars). 


4.3. The MEFA accounting 
framework 


As noted in the Introduction, the MEFA are organised 
around the accounting framework of Statistics Canada’s In- 
put-Output Accounts. The modified version of this frame- 
work that serves as the basis for the MEFA is presented in 
Figure 4.1. In modifying the framework to make it suitable 
for the MEFA. several objectives were sought. 


e The framework should be structured in such a way that 
it is suitable for recording a// material and energy flows 
related to economic activity, regardless of the nature of 
this relationship. ' 


e The framework should represent both the production 
and consumption of materials and energy. In doing so, 
the traditional accounting identity between production 
and consumption should be respected. 


4. Economic activity in this context includes all human activities associated 
directly or indirectly with the production or consumption of commodities. 
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Linking the Environment and the Economy 


¢ All sectors of the economy should be covered in the 
framework. The definitions of these sectors should 
conform with those of the CSNA. 


¢ The framework should facilitate the integration of ma- 
terial and energy flow data with the economic statistics 
in the Input-Output Accounts. 


The elements that constitute Figure 4.1 are discussed at 
length below. First, a brief discussion of the reasons for 
adopting the input-output framework as the basis for the 
MEFA is warranted. 


4.3.1 Benefits of the input-output 
framework 


The benefits of using input-output accounting frameworks 
fo analyse material and energy flows have long been recog- 
nised. Corresponding with the environmental movement of 
the late 1960s, several economists suggested the use of in- 
put-output techniques for environment-economy analysis 
(Cumberland, 1966; Daly, 1968; Isard, 1969; Ayres and 
Kneese, 1969; Leontief, 1970; and Victor, 1972). The work 
of Victor in particular has influenced the approach to mate- 
rial and energy flow accounting taken in the MEFA. His work 
represents the most comprehensive of the original frame- 
works and, importantly, he employed Statistics Canada’s in- 
put-output accounting framework in his study. 


Despite the relatively long-standing interest in the use of in- 
put-output techniques for environment-economy analysis, 
there was not a great deal of empirical development in the 
field during the 1970s and 1980s. Indeed, one of the au- 
thors cited above—noted for his contributions to the field of 
material and energy analysis over the last three decades— 
found cause to note recently that the “approach deserves 
much greater attention that it has received to date” (Ayres, 
1996). There are several reasons why the approach is wor- 
thy of attention. 


To begin with, the Input-Output Accounts are very detailed. 
At their most elaborate, they present production and con- 
sumption statistics for 216 industry groups, 627 commodity 
groups and 136 categories of final demand, in both current- 
and constant-dollar measures.' This detail is of great bene- 
fit when analysing material and energy flows. It allows one 
to move beyond highly aggregated measures, such as total 
energy use per unit of GDP, that are sometimes proposed 
as environmental indicators. Changes from year to year in 
such “economy-wide” indicators can be difficult to interpret 
because so many factors are at play. For example, a de- 
crease in energy use per unit of GDP might result from a 


1. The accounts are actually produced at three different levels of aggrega- 
tion. Many data at the most detailed level are not publicly available, as the 
legal requirement to protect respondents’ confidentiality prevents their 
release. Thus, the accounts are released to the public at the so-called 
“medium” level of aggregation, which shows 50 industries, 100 commodi- 
ties and 28 categories of final demand. At this level of aggregation, all of 
the data are non-confidential. 
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real increase in the energy efficiency of production process- 
€S, or it might result from a reduction in the contribution of 
energy intensive industries to the total output of the econo- 
my. Determining which factor is the actual cause is difficult. 
In contrast, when energy use is measured for individual in- 
dustries, the effect of the changing structure of the economy 
is largely eliminated. A decrease in energy use per unit of 
GDP for the electric power industry, for example, can be in- 
terpreted unambiguously as an increase in the energy effi- 
ciency of electric power production processes. 


Another reason for choosing the Input-Output Accounts as 
the basis for the MEFA is that they are flow accounts. This 
means that many of the concepts already well defined in the 
Input-Output Accounts are easily transferred to the MEFA 
(which, as their name implies, are also flow accounts). Pro- 
duction in the Input-Output Accounts, for example, is de- 
fined as the fabrication of goods and services for sale in the 
open market. It is not a significant leap to adapt this concept 
for use in the MEFA; three extensions suffice: 


e the measurement of production must be allowed in 
physical units as well.as monetary units; 


* non-traded resource flows for self-consumption pur- 
poses must be treated as production; and 


° the production of unwanted “bads” (wastes) along with 
the production of “goods” must be recognised. 


The fact that many of the concepts of the Input-Output Ac- 
counts can be transferred to the MEFA enhances the de- 
gree to which the data from the two sets of accounts can be 
integrated. This, in turn, enhances the analytical power of 
the MEFA. 


Another important benefit of linking to the Input-Output Ac- 
counts is the fact that these accounts have been produced 
annually by Statistics Canada for over 30 years. Moreover, 
since they form a cornerstone of the CSNA,? a great deal of 
effort is put into ensuring that they are as reliable, consistent 
and comparable as possible. Thus, the Input-Output Ac- 
counts represent a rich data set to draw on for the develop- 
ment of historical material and energy flow accounts. 
Equally importantly, Statistics Canada is committed to con- 
tinued production of the Input-Output Accounts for the fore- 
seeable future. Indeed, current plans call for the expansion 
of their scope to include annual provincial input-output ac- 
counts in addition to the current national versions. 


Despite these strengths, one limitation of the Input-Output 
Accounts should be mentioned. This is the fact that the ac- 
counts are only released four years after the reference 
year.? This delay is explained by two factors. One is simply 
their complexity-the enormous detail they present de- 
mands a long time to amass. The other is the aforemen- 
tioned fact that the Input-Output Accounts are used as 


2. The Input-Output Accounts are used as the benchmark estimate of GDP 
to which all other estimates of GDP in the CSNA must accord. 

3. Current plans call for the shortening of the production period for the Input- 
Output Accounts from fours years to two by the 1998 reference year. 
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Statistics Canada’s benchmark estimate of GDP. Because 
they represent the “final word” on GDP, the Input-Output 
Accounts cannot be completed until the most detailed 
source data are available in final form. In the case of some 
sources (income tax files for example), this can take several 
years. The delay in releasing the Input-Output Accounts 
means that the MEFA cannot be used for analysis of mate- 
rial and energy flows within the last four years. Of course, it 
is possible to compile material and energy flow data for 
more recent years, just not to combine these data with in- 
put-output data. 


4.3.2 Elements of the framework 


It is immediately obvious upon seeing the MEFA framework 
in Figure 4.1 that several new rows and columns have been 
added to the standard input-output framework. The new 
rows and columns are shaded in Figure 4.1 to distinguish 
the environmental component of the framework from the 
economic component remaining from the Input-Output Ac- 
counts. Each new row and column contains a number of 
new matrices and vectors defined to represent resource 
and waste flows. To aid in the discussion of these elements, 
columns in Figure 4.1 have been labelled with letters—and 
rows with numbers-so that cells in the table may be referred 
to by their co-ordinates. 


The business sector in the MEFA 


Matrix Vin (cell B5 in Figure 4.1) represents the resource 
production of industries. This matrix, which has dimensions 
n xr, shows the physical quantity of each resource® pro- 
duced by each industry in a given year. Matrix V,, can be 
thought of as the resource equivalent of the make matrix (V) 
defined for economic commodities in the Input-Output Ac- 
counts (see Figure A4.1 in Annex 4.1). Indeed, many of the 
same flows that are recorded in monetary units in matrix V 
are recorded in physical units in matrix V,,. Wood produc- 
tion by the forestry industry, for example, is recorded in both 
matrices. There is a fundamental difference in the way that 
resource production is treated in these two matrices howev- 
er. 


While the (monetary) make matrix records production only 
for those resources that are bought and sold on the market, 
the (physical) resource production matrix records the pro- 
duction of both traded and self-consumed resources. Tak- 
ing wood as an example, this means that the timber 
harvested by forestry companies as well as the firewood 
harvested by households are recorded in the resource pro- 
duction matrix. In contrast, firewood harvested and con- 
sumed directly by households is excluded from the make 


1. A subscript “rp” in the MEFA framework indicates a matrix or vector repre- 
senting resource production. Similarly, subscripts “ru”, “wp” and “wu” indi- 
cate matrices or vectors that represent resource use, waste production 
and waste consumption respectively. 

. The basic resource categories for which data are recorded in matrix Vip 
are metals, nonmetallic minerals, wood, flora and fauna (domestic and 
wild), water, fossil fuels and electricity. The full resource classification used 
in the MEFA is presented and discussed in Section 4.3.4. 
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matrix because no market transaction occurs as a result of 
this activity. Both traded and untraded resource flows must 
be included in matrix V,, if the MEFA are to account for all 
material and energy flows in the economy. In general, un- 
traded resource flows are small in comparison to their trad- 
ed counterparts, as most resources are produced for sale 
on the market. In the case of water however—a lot of which 
is extracted directly by users—untraded flows are substantia 
relative to traded flows. If untraded water flows were exclud- 
ed from the MEFA, this would lead to serious under-report- 
ing of total water flows in the economy. 


The treatment of the waste management industry in the re- 
source production matrix deserves special mention.? While 
this industry does not produce any virgin resources, it does 
produce recycled waste materials that often compete head: 
to-head with virgin resources. These recycled wastes are 
considered resources in the MEFA framework and their pro- 
duction by the waste management industry is recorded ir 
matrix Vip. 


Turning to the business sector's resource consumption. 
matrix U,,, (cell D3 in Figure 4.1; dimensions r x n) has beer 
defined to represent the physical quantity of each resource 
used by each industry in a given year. It is important to note 
that not only domestically produced resources are repre: 
sented in this matrix, but imported resources as well. Use 0 
recycled waste materials that act as substitutes for virgin re- 
sources is also recorded in matrix U,,,. Thus, all resource 
consumption by industries, regardless of source, is record: 
ed here. Furthermore, as just explained with respect to the 
resource production matrix (V,,), the resource use matriy 
records the consumption of both traded and non-traded re- 
sources. Self-supplied irrigation water, for example, ap: 
pears as resource consumption by the agriculture industry 
in matrix U,,). 


Matrices V,, and U,, are sufficient to record the resource 
flows associated with industrial activity. Resources repre 
sent only one dimension of the MEFA however; new matri- 
ces are also defined to represent industrial waste 
production and consumption. 


Matrix Vp (cell C5 in Figure 4.1; dimensions n x w) repre 
sents the physical quantity of each waste produced by eact 
industry in a year. It is useful to recall the definition of waste 
presented on page 71 before discussing this matrix further: 


waste is any material/energy that is of no value to 
the producer and that is disposed of, either directly 
to the environment or through another economic 
agent without remuneration to the producer. 


From this definition, it is clear that all industrial waste pro 
duction must be recorded in matrix Vp, regardless of hov 
the waste is dealt with following production. Even if the 


waste is used as an input by another industry, or sent for re: 


3. The waste management industry is made up of those establishment: 
engaged in the collection, treatment, recycling and disposal of wastes pro 
duced by other economic agents. It forms part of the “Other Utilities Indus 
try” in the MEFA industrial classification. 
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ycling, so long as there is no financial gain to the waste 
roducer as a result, this flow is recorded as waste produc- 
on by the producing industry. Thus, matrix Vip Gives a pic- 
ire of the total waste production associated with each 
dustry’s activity “at the plant gate.” 


gain, the treatment of the waste management industry in 
lis matrix deserves special mention. Because this industry 
\llects wastes for treatment and disposal from other waste 
roducers (industries, households and governments), the 
astes it produces are of two types. First, there are those 
at result from the waste management industry’s own ac- 
yities (exhaust emissions from waste collection vehicles 
rr example). Then there are the wastes that it produces as 
result of collecting and disposing of other producers’ 
astes. The latter wastes may be identical to those collect- 
d by the waste management industry (in the case of 
astes for which pre-disposal treatment is not required), or 
ley may differ in form and quantity from the wastes collect- 
d (if the wastes require treatment prior to disposal). In or- 
er to avoid double counting these wastes in the calculation 
f the industrial waste intensity indicator mentioned in Text 
ox 4.1,' the two waste streams produced by the waste 
janagement industry are recorded separately in matrix 
- 
onsidering now the consumption of wastes by industries, 
latrix Uy, (cell D4; dimensions w x n), is defined to repre- 
snt the annual use of each waste by each industry. The 
aste use recorded in this matrix is of two sorts. In the case 
f all industries except the waste management industry, it is 
ie direct use of waste materials as raw material inputs; the 
se of fly ash from the electric power industry in the produc- 
In of cement is a good example. (Recall, however, that 
ich use must be without financial gain to the waste pro- 
ucer for it to be considered waste consumption in the 
IEFA.) In the case of the waste management industry, 
aste use is defined as the collection of other agents’ 
astes for treatment and disposal. So that the quantities of 
astes collected for recycling may be tracked in the MEFA, 
is use is split into two categories: wastes collected for 
eatment and disposal, and wastes collected for recycling. 


is important to recognise that the use of recycled wastes 
not recorded in matrix Uy,. As mentioned above, recy- 
ed wastes are considered resources in the MEFA frame- 
ork, and their use is therefore recorded in the matrix of 
source use (U,,). 


louseholds and governments in the MEFA 


[hile households and governments are seen exclusively 
5 consumers in the Input-Output Accounts (because they 
0 not produce commodities for the market), in the MEFA 
ley are treated as both consumers and producers. It is es- 
ential that they be included in both the production and con- 
Umption portion of the MEFA, as they are major producers 
nd consumers of both wastes and resources. 


See Annex 4.2 for details of this calculation. 
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Matrix Hp (cell B6), with dimensions h x r, represents the 
production of resources by households.” This production, 
while generally small in comparison to that of the business 
sector, is significant in some cases. It includes, for example, 
the harvesting of wood for firewood and the direct extraction 
of water for household use. Because households do not 
produce a large number of resources on their own account 
however, matrix Hyp will be very sparse (that is, it will have 
many zero entries). 


Further down column B in cell B7, matrix Grp (dimensions 
g x r) represents the production of resources by various lev- 
els of government.? As with households, government pro- 
duction of resources is relatively minor. It is significant, 
however, in the case of water extracted for municipal sup- 
ply. Government production of recycled waste materials is 
also recorded in matrix Gp. 


Turning to the consumption of resources by households 
and governments, these are shown in matrices H,,, (cell E3; 
dimensions r xh) and G,, (cell H3; dimensions r x g) re- 
spectively. Again, the direct consumption of resources by 
persons and governments is relatively small except in the 
case of water. Most other resources they consume come in- 
directly in the form of finished goods purchased from the 
business sector (for which the original resource consump- 
tion is recorded in matrix U,,,). As with industries, it is not just 
the consumption of domestically produced resources by 
persons and governments that is represented in matrices 
H,, and G,,, but also any consumption of imported resourc- 
es that occurs within these two sectors. 


Waste production by households is treated similarly to their 
resource production. Matrix Hyp (cell C6; dimensions h x w) 
is defined to represent the annual production of wastes from 
households. This production includes all wastes associated 
with household consumption activities, from automobile ex- 
haust emissions, through kitchen waste to sewage and 
worn-out household appliances. 


Government waste production is recorded in matrix Gywp 
(cell C7; dimensions g x w). Governments are similar to the 
waste management industry in that they produce wastes on 
their own account, as well as producing wastes as a result 
of the collection and disposal of wastes produced else- 
where in the economy. These two waste streams are re- 
corded separately in matrix Gyp in order that the waste 
production directly associated with government activities 
may be distinguished from the wastes governments pro- 
duce in their waste management capacity. 


Consumption of wastes by households and governments is 
represented in matrices Hy, (cell E4; dimensions w x h) 


_ The classification of household production used in the MEFA is identical to 
that used for household expenditure in the final demand matrix of the 
Input-Output Accounts. Production of firewood for own-use by persons, for 
example, is classified to a category called “Other fuels” in the MEFA, which 
is the same as category used to record purchases of firewood in the Input- 
Output Accounts. 

As with persons, the same classification of government activities is used 
in the production portion of the MEFA as is used in the final demand por- 
tion of the Input-Output Accounts. 
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and Gy, (cell H4; dimensions w x g) respectively. In the 
case of households, waste consumption is limited to the 
backyard composting of kitchen and yard wastes. Govern- 
ment waste consumption represents the collection and dis- 
posal of wastes from households and businesses. As with 
waste consumption by the waste management industry, 
government waste consumption is split into two categories 
in matrix G,,; wastes collected for disposal and wastes col- 
lected for recycling. 


Imports and exports 


Resources (wastes) produced in Canada are often shipped 
abroad for use (disposal). The reverse is also true; Canadi- 
an companies often import resources (wastes) produced 
elsewhere for use in their own production processes (dis- 
posal/recycling here in Canada). These imports and exports 
represent a portion of the total resources and wastes enter- 
ing and leaving the economy and, as such, must be includ- 
ed in the MEFA accounting framework. 


Vector x;,, (cell 13; dimensions rx 1) represents the re- 
source exports from the Canadian economy to the rest-of- 
the-world. Vector m,, (cell J3; dimensions r x 1) represents 
the flows of resources in the opposite direction; that is, Ca- 
nadian resource imports from the rest-of-the-world. 


Vector xX, (cell 14; dimensions w x 1) represents exports by 
Canadian companies of waste for disposal/recycling in oth- 
er countries. Vector my, (cell J4; dimensions w x 1) repre- 
sents the wastes produced in other countries imported into 
Canada for disposal/recycling by domestic industries. | 


Waste disposal 


Up to this point, several ways in which wastes are con- 
sumed in the economy have been mentioned (use by indus- 
try, use by households and governments and exportation). 
However, the most important form of waste consumption 
has only been mentioned in passing to this point. This is 
waste disposal. 


Wastes that are disposed of face one of two fates. One is 
release into the environment through the air, water or land. 
This is the fate of a great deal of our wastes, including all 
gaseous and most liquid wastes. Solid wastes, in contrast, 
are not usually dumped haphazardly in the environment, 
but are disposed of instead in some form of controlled or 
contained site. This might be as simple as an open-pit land- 
fill or it could be as sophisticated as a nuclear waste storage 
facility. 


The post-disposal environmental and human health effects 
of a given waste will vary according to the how it is disposed 
of. For example, the impact of a chemical discharged into a 
river system will be concentrated in the downstream aquatic 
and human environments. The same chemical released 


ok, 


. Resource and waste imports are recorded as negative values in the 
MEFA, as they represent sources of materials and energy to the domestic 
economy rather than consumption of domestically produced materials and 
energy. That is, they represent negative final demand for materials and 
energy. 


into the air will affect completely different environments ove 
a potentially much wider area. It is important that the MEF, 
acknowledge these differences by allowing waste dispose 
to be classified according to the medium in which it occurs 


Two general classes of disposal media are represented i 
the framework: the “environment” and “disposal sites” (co 
umns K and L). The latter are defined as repositories int 
which waste is discarded for permanent (or long-term) sto! 
age. Landfill sites, mine tailings piles and spent nuclear fue 
rod stores are all examples of waste disposal sites. Dispc 
sition of wastes into these sites is recorded in the framewor 
in matrix Z (cell L4; dimension w x z), which represents th 
physical quantity of each waste disposed in each type c 
site annually. 


Wastes that are not disposed of in managed disposal site 
are, by definition, disposed of in the environment. This irr 
plies that the environment includes everything that is not. 
managed waste disposal site. This rather broad definitio 
takes in all the aspects of the natural world that we normall 
think of as comprising the environment (oceans, rivers, fo! 
ests, the atmosphere, etc.), plus parts of the human env 
ronment not normally thought of in this way; agriculture 
land, urban spaces, and road networks for example. 
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The environment is represented as comprising “j” sub-cate 
gories in Figure 4.1. The value of j might be very high, as 
is possible to subdivide the physical environment into man 
components. At the most basic level, air, land and water ar 
used to define the environment in the MEFA (the full class 
fication of the environment used in the MEFA is presente 
in Text Box 4.4). 


Waste disposal in the environment is represented in Figur 
4.1 by matrix E, (cell K4; dimension w x j), which represent 
the annual quantity of each waste type disposed in each 
the | components of the environment. 


Resource inventories 


Resources (but not wastes) are often held in inventories fc 
some period of time before being sold for further process 
ing. In order that the equality between resource supply an 
demand be respected in the MEFA, changes in resource ir 
ventories must be accounted for in Figure 4.1. Vector / 
(cell G3; dimensions r x 1) shows the net annual physicé 
additions to resource inventories. Inventories can represer 
both a source of resources—if net additions are negative—c 
a disposition of resources—if net additions are positive. 


Other sources of waste 


As mentioned at the beginning of Section 4.3, the MEFA ar 
intended to comprehensively account for material and ene! 
gy flows associated with economic activity. To achieve thi 
goal with respect to wastes, two broad classes of waste me 
terials must be defined: 1) wastes directly associated wit 
economic activity in the current time period and 2) waste 
associated with economic activity, but not directly attribute 
ble to the current time period. The first class of waste emis 
sions—those associated with current economic activities 
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are covered by the waste production matrices that have 
been defined up until this point. The treatment of the second 
class remains to be described. 


The most important example of the second category of 
waste is what can be termed “durable-good waste.” This is 
the waste created when long-lived goods (i.e. those with 
ifetimes of more than one year) are disposed of. The quan- 
lity of such goods disposed of in the current time period is 
not a function of current economic activity, but of the 
amount of goods accumulated from purchases made in 
years gone by. It would be incorrect to combine this waste 
production with that truly related to current activity. Doing so 
would limit the usefulness of the MEFA for analysing the re- 
lationship between current activity and the associated 
waste production. To avoid confounding these two classes 
of wastes, durable-good wastes are recorded independent- 
y in the MEFA framework. As the details of this treatment 
are lengthy, they are presented separately below in Section 
4.3.3. 


Two other important sources of waste that are associated 
with economic activity but not directly attributable to current 
activities exist. These are the wastes associated with cata- 
strophic spills! and those associated with leakages from 
waste disposal sites.2 In the case of catastrophic spills, 
there is a probabilistic relationship with economic activity 
over long periods of time, but the events themselves are 
random. Thus, they should not be attributed solely to the 
economic activity in the period in which they occur. Like- 
wise, the wastes that leak out of storage sites are associat- 
ed with the accumulation of wastes in storage sites over 
long periods of time. Again, it would be wrong to attribute 
these leakages only to the economic activity during the pe- 
riod in which the leakage occurs. 


Since none of the waste sources discussed above have any 
relationship to current economic activity, they are not re- 
corded along with the wastes that are related to current ac- 
tivity in the MEFA. Instead, matrix S (cell C8; dimensions 
tx w) has been defined to represent the annual quantity of 
wastes produced by “t” sources other than current econom- 
ic activities. The classification of these waste sources is pre- 
sented below in Section 4.3.4. 


Total material and energy flows 


The final elements that remain to be defined in Figure 4.1 


are vectors rand w (and their transposed counterparts r° 


1. Catastrophic spills are very large spills that occur on a random basis; oil 
tanker disasters are a good example. Although such spills show a proba- 
bilistic relationship with economic activity over long periods of time, the 
events themselves are random in any given time period. 

2. Waste disposal sites are often themselves sources of wastes emissions 
because they are never perfect storehouses. Moreover, the wastes that 
escape are often not the same as the wastes that are stored, as chemical 
and physical transformations can take place within the site. Indeed, these 
transformations are themselves often the cause of the leakages. In the 
case of landfill sites, for example, the action of bacteria on buried organic 
material results in the production of methane gas that bubbles up through 
the waste pile and leaks into the atmosphere. 
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and w), which represent the total flows of domestically pro- 
duced resources and wastes respectively. 


Total use of domestically produced resources is represent- 
€d in the framework by vector r (cell N3, dimensions r x 1), 
which shows the annual domestic consumption of each re- 
source. This can be expressed algebraically as: 


are ut ¥Apy + ipy t Gru t+ Xry— Mr) Eq. 4.1 
n f 


Total domestic resource production is represented by vec- 
tor r’ (cell B10; dimensions 1 xr). This vector is just the 
transpose of vector r, as the production and consumption of 
resources are by definition equivalent. 


Total waste production in the economy is represented in the 
framework by vector w (cell C11; dimensions 1 x w), which 
represents the gross annual production of each waste from 
all domestic sources. It is important to note that production 
of wastes is measured in vector w on a gross basis and, 
therefore, includes a substantial amount of double counting. 
This is because the same waste production can be record- 
ed more than once in the framework. The production of a 
given household waste, for example, can be recorded 
twice, once as waste output of households and then again 
as waste output of governments (if it is simply collected and 
disposed of without treatment). In order to calculate net 
waste production (NWP), it is necessary to subtract all 
waste use for economic purposes (net of imported wastes) 
from gross domestic waste production: 


NWP = W- (SU + D(H Gut Xu Mul} Equaz 
n f 


The difference between gross and net waste production is 
the waste that is diverted back into the domestic economy 
as a result of recycling and other waste reuse activities. Net 
waste production is the amount that is disposed of in man- 
aged disposal sites or in the environment. 


At this point, all of the elements of Figure 4.1 have been de- 
fined and discussed. To summarise, the following elements 
have been defined to represent annual material and energy 
flows in the economy-environment system: 


¢ matrix V,p (n x r) - resource production by industry; 

° matrix U,,, (r x n) - resource consumption by industry; 
¢ matrix Vyp (N x w) - waste production by industry; 

e matrix Uy, (w x n) - waste consumption by industry; 
¢ matrix H,p (h x r) - resource production by persons; 

° matrix H,,, (r x h) - resource consumption by persons; 
¢ matrix Awp (h x w) - waste production by persons; 

¢ matrix Hy, (w x h) - waste consumption by persons, 


e matrix Grp (g x r) - resource production by govern- 
ments; 
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* matrix G,, (f x g) - resource consumption by govern- 
ments; 


* matrix Gyp (g xX w) - waste production by governments; 


e matrix Gy, (w X g) - waste consumption by govern- 
ments; 


¢ matrix S (t x w) - waste production from sources not 
related to current economic activity; 


* vector j,,, (r x 1) - net change in resource inventories; 
e vector X;, (f X 1) - resource exports; 

e vector Xy,, (Ww x 1) - waste exports; 

¢ vector m,, (fx 1) - resource imports; 

e vector My, (Ww X 1) - waste imports; 


* matrix E (w x j) - disposal of wastes directly to the envi- 
ronment; 


* matrix Z (w x Z) - disposal of wastes into waste dispos- 
al sites; 


¢ vector r(r x 1) - total consumption of resources; 
° vector w (w x 1) - gross consumption of wastes; 
e vector r’(1 x r) - total production of resources; and 


* vector w(1 x w) - gross production of wastes. 


4.3.3 Treatment of durable-good wastes 


In the Introduction to this chapter, it was explained that one 
of the uses of the MEFA is to monitor how waste output is 
changing over time, both in absolute terms and per unit of 
economic output. The goal of such a measure is to track the 
evolution of the economy to see whether we are becoming 
less “waste intensive”—that is, to see if we produce more 
goods with fewer wastes as time goes by. To measure this, 
it is necessary that the waste flow data in the MEFA be di- 
rectly comparable with the economic data in the Input-Out- 
put Accounts. This said, it is important to recall here that the 
Input-output Accounts measure current economic activity 
only. That is, they measure the production and consumption 
that occur in a single accounting period of one year’s dura- 
tion. If waste data from the MEFA are to be comparable with 
data from the Input-Output Accounts, then the former must 
also be associated only with economic activity during a sin- 
gle year. Here is where the difficulty with durable goods 
presents itself; there is no direct association between the 
quantity of durable goods discarded in a given year and the 
economic activity recorded for that year in the Input-Output 
Accounts. 


Durable goods such as refrigerators, furnishings, automo- 
biles, machinery, buildings and other infrastructure typically 
have useful lives of more than one year. There is then usu- 
ally a time lag between the accounting period in which a du- 
rable good is purchased and the period in which it ultimately 


becomes waste. This means that the quantity of durabl 
goods discarded in a given year is a function of the quantit 
of such goods amassed from purchases in earlier years, n¢ 
the year at hand. To give an example, the number of tax 
cabs scrapped in a year is only weakly related to that year’ 
taxi industry output as recorded in the Input-Output Ac 
counts. It is strongly related, on the other hand, to the siz 
and age-structure of the stock of taxis resulting from pu 
chases of cabs in earlier periods. To associate the currer 
disposal of old cabs entirely with current taxi industry acti 
ity would misrepresent the waste production truly associa 
ed with the industry’s current activity. This would limit th 
analytical usefulness of the MEFA by obscuring the rele 
tionship between current activity and the properly associa 
ed waste production. The remainder of this sectio 
describes the treatment of durable goods that is propose 
to avoid this problem. ! 


Durable-good wastes in the business sector 


Businesses account for the cost of their capital (or durable 
goods over the entire lifetime of the goods. These iterr 
contribute to production in many time periods, so it is sens 
ble that production in each of those time periods shoul 
bear its share of the original cost of the item. In each yee 
that a good is in use then, accountants charge a certain po 
tion of its original value against that year’s profits. For exan 
ple, if the good has a lifetime of ten years, one tenth of i 
value might be charged against profits in each of the te 
years the good is in service. In this way, profits in the yee 
of purchase are not made to bear the full original cost of th 
capital item. 


In the same vein, an argument can be made that the wast 
associated with the ultimate disposal of durable gooc 
should be distributed among each of the periods in whic 
the goods are employed. Taking our good with a life span 
ten years again, one tenth of the waste ultimately associa 
ed with the disposal of this good could be attributed to eac 
of the years in which it is used. There are several reasor 
why such an approach is appealing. 


First, the idea that a portion of the waste associated with tr 
disposal of durable goods should be attributed to productic 
in each period in which the goods are used seems just. Th 
is particularly true when the life of the good is such that 
stretches between generations. Treatment of durab 
goods on this basis ensures that economic activity—and tr 
current generation that enjoys its benefits—is “held respor 
sible” for its share of the waste that will ultimately result, pe 
haps far in the future, from the disposal of the capital 
employs. 


Second, the comparability of the MEFA and the CSNA 
enhanced when durable goods are treated in a parall 
fashion with respect to both economic depreciation ar 
waste production. Industrial activity as measured in the I 
put-output Accounts implicitly includes a value for capit 


1. The treatment is referred to as “proposed” because it is as yet an empi 
cally untested concept. 
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lepreciation. This value represents the “amount” of capital 
ised up, or depreciated, by the industry during the account- 
1g period. If the waste that is ultimately associated with the 
isposal of capital assets is also distributed over the period 
f their use, then waste production measured in the MEFA 
3 made more comparable with the industrial activity meas- 
red in the Input-Output Accounts. 


‘0 give an example of how the accounting of durable-good 
vaste on this basis could work, consider a purchase by in- 
lustry ABC today of 100 units of capital good X. Assume 
rat X has a useful life of 10 years. Ten years hence the in- 
lustry will dispose of this asset, creating 100 units of waste 
. In the span of those 10 years, the industry makes contin- 
lal use of the capital asset in its production processes. Us- 
1g a straight-line schedule of “waste accumulation,” one 
enth of the waste associated with this asset’s ultimate dis- 
osal (10 units) is attributed to industry ABC in each of the 
0 accounting periods. 


‘his yearly “production” of waste would be represented in 
1e MEFA as an entry of 10 units of waste X in special ma- 
‘ix devoted to recording durable-good waste production 
‘he “disposal” of each year’s incremental waste is recorded 
1 matrix Zin a column labelled “accumulated durable-good 
vaste inventory.” Of course, no such inventory exists in re- 
lity; it is simply an accounting construct where the accumu- 
ated (but not yet disposed) durable-good waste is held until 
1e good is actually discarded. When real disposal does 
ake place in year 10, the MEFA shows a flow of 100 units 
f waste X from the “accumulated durable-good waste in- 
entory.” This is offset by the consumption of 100 units of 
vaste X appearing elsewhere in the account, either as an 
iput to recycling (matrix U,,,,), as disposal in the environ- 
nent (matrix E) or as final disposal in a managed disposal 
ite (another column in matrix Z). Accounting for durable- 
ood waste in this way serves the dual purpose of justly dis- 
‘ibuting durable-good waste to production activity over all 
eriods in which the capital is employed, as well as record- 
1g the actual waste flow when the capital item is discarded. 


Jurable-good wastes in the personal sectors 


‘he treatment of durable goods proposed for the business 
ector is not directly applicable to persons. Although per- 
ons do use durable goods, their consumption of such 
00ds is not capitalised in the Input-Output Accounts. Rath- 
r, purchases of long-lived assets by persons are treated 
ntirely as current consumption in the period of purchase. 
hus, linking the wastes associated with future disposal of 
lurable goods to the value of personal expenditure in the 
ach period leading up to disposal is not possible. 


‘he alternative treatment proposed for durable-good 
vastes in the personal sector is to record the total waste as- 
Ociated with the ultimate disposal of durable assets in the 
eriod in which they are purchased. This way, the MEFA 
vould show the total waste associated with personal ex: 
enditure during each accounting period. This would in- 
lude waste associated with nondurable goods (combustion 
missions from home heating fuel for example) as well as 
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the future waste attributable to the purchases of durable 
goods during the period. In this way, the treatment of per- 
sonal expenditure in the Input-Output Accounts and the 
treatment of the associated waste production in the MEFA 
are on an equal footing. Interperiod equity is served as well, 
as the future waste burdens associated with current levels 


of personal expenditure are clearly represented in the ac- 
count. 


As with industries, personal waste “production” from dura- 
ble goods would be represented in the MEFA in a matrix 
specially created for this purpose. The actual production of 
wastes from persons during an accounting period would 
continue to be recorded in matrix H,. The “disposal” of the 
durable goods in the period of purchase would be shown in 
the same “accumulated durable-good waste inventory” 
mentioned above with respect to industries. At the point 
when an asset is actually discarded, the account would 
record a decrease in the durable-good waste inventory 
equivalent to the quantity of waste generated by the good 
and a corresponding increase in waste disposal to another 
destination (recycling, the environment or a managed dis- 
posal site). 


Durable-good wastes in the government 
sector 


Rather than being treated as current consumption, as is the 
case for persons, government purchases of durable goods 
are capitalised in the Input-output Accounts. Nevertheless, 
the treatment of government durable-good wastes cannot 
be the same as that for industries. There is no implicit cap- 
ital depreciation for government shown in the Input-Output 
accounts, the absence of which means that (like persons) 
government purchases of durable goods appear in the ac- 
counts only in the period of purchase (as capital formation 
instead of current consumption).Thus, since the treatment 
of government purchases of durable goods has more akin 
with the treatment given of such purchases by persons, the 
same treatment of durable-good wastes proposed for per- 
sons is also the proposed treatment for governments. 


Estimating durable-good wastes 


In order to implement the treatment of durable-good wastes 
proposed above, the quantities of such wastes “produced” 
during each accounting period must be estimated in some 
manner. To do so, information about the expected lifetime 
of durable goods and a choice of waste accumulation rate 
for each type of good is needed. Expected lifetimes for du- 
rable goods pose no problem, since they are already estab- 
lished by Statistics Canada for the purposes of calculating 
economic depreciation. The simplest choice of waste accu- 
mulation rate is simply the inverse of the expected lifetime 
expressed as a percentage. Using this rate, an equal 
amount of waste is “produced” in each year of an asset's ex- 
pected life, so that in the final year the accumulated amount 
is exactly equal to the actual amount of waste generated 
when the asset is discarded. Other assumptions about 
waste production rates are also possible. One could argue, 
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for example, that waste should be accumulated at a higher 
rate in later years of the asset’s life, on the basis that as 
goods age they have an increasing likelinood of being dis- 
carded. 


Difficulties with 
accounting 


durable-good waste 


There are many problems, both conceptual and practical, 
with the treatment of durable-good wastes proposed for the 
MEFA. A serious conceptual problem is that of timing: what 
to do when there is a discrepancy between the expected 
lifetime of an asset and the actual period that a given exam- 
ple of that asset is used in the economy. In such a case, the 
durable-good waste production recorded in the MEFA 
would lag or precede the actual waste produced in the 
economy. 


Another conceptual problem is the inconsistency in the 
treatment of durable-good wastes between the business 
sector and the household and government sectors. Ideally, 
one would like the production of durable-good wastes from 
all sectors of the economy to be treated in the same fashion 
in the accounts. This would enhance the comparability of 
waste data between the three sectors. However, the incon- 
sistent treatment of durable-good purchases in the Input- 
Output Accounts requires that the associated wastes be ac- 
counted for in an inconsistent fashion as well. Otherwise, 
the economic data in the Input-Output Accounts and the 
waste data in the MEFA would not be comparable. Compa- 
rability of economic and environmental data is considered 
more important in this case than comparability of environ- 
mental data for different sectors. 


As for practical shortcomings, the most serious is quite sim- 
ply that the data that are needed to implement the proposed 
methods are not available. In particular, data on the mass 
of durable goods extant in the economy and those pro- 
duced and discarded in each accounting period are re- 
quired; such data are not currently available. 


For the time being, special treatment of durable goods in the 
MEFA along the lines proposed here remains a goal for the 
future. Any disposal of durable goods for which data are 
currently available will simply be recorded in the MEFA 
along with the other wastes produced by industries, per- 
sons and governments. 


4.3.4 Classifications 


Effective classifications are essential in all accounting 
frameworks, including the MEFA.! To begin with, they facil- 
itate the organisation of accounts by providing unambigu- 
ous rules for the incorporation of data. As well as aiding the 
accountant in constructing accounts, good classifications 
also benefit the user. Once users become familiar with the 
classifications used in a given accounting framework, they 


1. Classifications are defined as systematic arrangements of data classes 
pertaining to a particular subject matter into groups or categories accord- 
ing to established criteria. 


82 Statistics Canada - Catalogue no. 16-505-GPE 


can rely on them to direct them quickly and easily to the 
data they require. Effective classifications also ensure that 
accounts compiled in different time periods—or by different 
people—are comparable with one another, something that is 
very important to users interested in examining intertempo- 
ral trends. In short, an ideal classification is one that is: 


¢ flexible enough to meet the needs of many different 
users; 


* complete, in the sense that it covers all relevant as- 
pects of the subject matter that it is intended to classi- 


fy; 


¢ easily understandable by all those who are likely to 
make use of it; and 


* non-ambiguous, in the sense that all elements of the 
subject matter in question fit into the classification in 
one place and one place only. 


The classifications used in the MEFA have been developed 
with the above goals in mind. The subject matter for which 
classifications are required are: 


¢ industries; 

* commodities; 

¢ final consumption categories; 
* resources; 

° wastes; 

e waste disposal routes; and 


* non-economic sources of wastes. 


As already mentioned, the MEFA use the same classifica- 
tions of industries, commodities and final consumption cat- 
egories that are used in the Input-Output Accounts 
(Statistics Canada, 1987). Classifications for the remaining 
areas have been developed specifically for use in the 
MEFA. These are presented and discussed below. 


Resource classification 


The resource classification used in the MEFA is presented 
in Text Box 4.2. As space precludes presentation of the 
complete classification, only the main headings and sub- 
headings are shown. The complete classification contains 
further subdivisions that allow more detailed resource-use 
statistics to be classified. 


As mentioned earlier in this chapter, the MEFA are intended 
to cover all of the resources used in the economy, including 
recycled wastes that act as substitutes for virgin resources. 
The resource Classification has been developed to reflect 
this goal. It is structured so that all resources that Canadi- 
ans extract from the environment can be unambiguously 
Classified. 


2. For a more detailed discussion of classification issues see Statistics Can- 
ada (1980). 
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Text Box 4.2 
Resource Classification 


1 Soll 


2 Sub-soil resources 
2.1 Crude petroleum 
2.1.1 Conventional 
: 2.1.2 Non-conventional (tar sands) 
22 Natural gas : 
2.3 Natural gas liquids 
2.4 Coal 
2.4.1 Lignite coal 
2.4.2 Sub-bituminous coal 
2.4.3 Canadian bituminous coal 
2.4.4 Imported bituminous coal 
2.4.5 Anthracite coal 
2.5 Metals 
2.5.1 Copper 
2.5.2 Nickel 
3 26.6. Zinc 
2.5.4 Lead 
25.5 Gold 
2.5.6 Silver 
2.5.7 Molybdenum 
2.5.8 Uranium 
2.5.9 Iron 
2.5.10 Other metals 
2.6 Non-metals 
2.6.1 Nitrogen 
2.6.2 Phosphorus 
2.6.3 Potassium 
2.6.4 Sulphur 
2.6.5 Chlorine and other halogens 
2.6.6 Other non-metals 
_ 2.7 Non-metallic minerals 
2.7.1 Salt 
2.7.2 Potash 
2.7.3 Limestone 
2.7.4 Sand and gravel 
2.7.5 Gypsum 
2.7.6 Other non-metallic minerals 


3 Bio-resources 
3.1 Wood 
3.1.1 Hardwood 
3.1.2 Softwood 
3.2 Marine resources 
3.2.1 Pelagic fish 
3.2.2 Ground fish 
3.2.3 Crustaceans and molluscs 
3.2.4 Other marine resources 
3.3 Terrestrial flora and fauna 
3.3.1 Wild 
3.3.2 Domestic 


4 Water 

4.1 Fresh, self-supplied 
4.1.1 Surface 
4.1.2 Ground 

4.2 Fresh, publicly-supplied 
4.2.1 Surface 
4.2.2 Ground 

4.3 Brackish 

44 Salt 


5 Energy 

5.1 Coal 

5.2 Crude oil 

5.3 Natural gas 

5.4 Liquid petroleum gases 

5.5 Electricity 

5.6 Coke 

5.7 Refined petroleum products 
5.7.1. Motor gasoline 
5.7.2 Diesel fuel 
5.7.3. Aviation fuel 
5.7.4 Light fuel oil 
5.7.5 Heavy fuel oil 


6 Recycled wastes 
6.1 Recycled ferrous metals 
6.2 Recycled aluminum 
6.3 Other recycled non-ferrous metals 
6.4. Recycled water 
6.5 Recycled wood fibre 


Ithough the classification is straightforward, the treatment 
F energy commodities requires some explanation. At first 
ance, it may seem odd that many energy commodities are 
entioned twice in the classification, once under subsoil re- 
Durces (category 2) and again under energy (category 5). 
his is done because both the physical quantity of these 
ymmodities consumed (in volume or weight units), as well 
s the energy provided by these commodities (measured in 
ules) are recorded in the MEFA. The classification reflects 
is fact. For example, category 5.1 (coal energy) does not 
present coal as a physical entity (this is classified in cate- 
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gory 2.4), but the energy provided through the consumption 
of coal. 


Waste classification 


The waste classification used in the MEFA is shown in Text 
Box 4.3. In developing this classification, chemical structure 
has been taken as the basic criterion for organising 
wastes.'! That is, wastes that are similar in terms of their 
chemical make-up are grouped together in the classifica- 


1. In the case of energy chemical structure does not apply. Energy is simply 
classified according to the three forms in which it commonly flows. 
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tion. Again, limited space restricts the presentation to only 
the top-level categories and to the more important sub-cat- 
egories. Each of the categories in the classification is further 
divided for use in classifying more specific waste flows. For 
example, paper (category 1.7.3) is divided into: newsprint, 
magazines, fine paper, cardboard and boxboard. 


One of the difficulties in classifying wastes is that they are 
often not homogenous and, therefore, not easily classified 
unambiguously. Wastes that are mixtures or composites of 
unknown or partially known composition present a problem 
in a classification based on chemical structure. These types 
of wastes are dealt with in one of two ways. 


If the composition of a heterogeneous waste is known, it is 
in general classified according to its constituent compo- 
nents. Waste gases from fossil fuel combustion, for exam- 
ple, are reported in terms of their component gases, rather 
than as “fossil fuel combustion gases”. If the composition is 
not known, the waste is classified as a mixture or composite 
waste. 


An argument can be made that some heterogeneous 
wastes should be classified as mixtures or composites even 
if the composition of the waste is known. This argument 
rests on the idea that the environmental impact of a given 
heterogeneous waste is not necessarily a function of the im- 
pact of each of the components of the waste individually. If 
this were always the case, then it would always be better to 
report heterogeneous wastes in terms of their components 
(when they are known). It is not always the case that the en- 
vironmental impact of a heterogeneous waste is the sum of 
the impact of its components however. In some cases there 
can be interactions between the components that serve to 
increase the impact of a mixture or composite beyond what 
would be the impacts of its components individually. For ex- 
ample, an acidic sludge containing minerals with heavy 
metal content may be more damaging than just the minerals 
or acid in isolation if the heavy metals are liberated by the 
presence of the acid. This argues in favour of reporting 
some heterogeneous wastes as such even when their com- 
position is known in detail. Clearly, there is no single, fully 
acceptable manner of treating heterogeneous wastes in the 
MEFA. All that has been done is to structure the waste clas- 
sification in such a way that both heterogeneous and ho- 
mogenous wastes can be classified with equal ease and 
clarity. 


Classification of waste disposal routes 


As described earlier, the MEFA recognises two routes for 
the disposal of wastes. One is direct release to the environ- 
ment through the air, water or land. The other is disposal in 
some form of controlled or contained site. These two routes 


1. A mixture can be defined as a heterogeneous combination of substances 
in any physical state (solid, liquid, gas) in which the components are dis- 
persed (uniformly or non-uniformly) at the micro level. Examples include 
paint, glass and exhaust gases. A composite can be defined as a heter- 
ogeneous combination at the macro scale of two or more solid materials 
that are mutually insoluble and differ in chemical nature. Examples are 
laminates, reinforced plastics, fabrics and asphalt. 


Text Box 4.3 L 
Waste Classification 


1 Organic compounds and materials 

1.1. Petrochemicals and feedstocks 

1.2 Pesticides 

1.3 Halogenated compounds (other than pesticides) 
1.3.1 Dioxans and furans 
1.3.2 Chlorofluorocarbons 
1.3.3 Others 

1.4 Plastic 

1.5 Rubber 

1.6 Grease and oil 

1.7 Bio-source material 
1.7.1. Wood and wood by-products 
1.7.2 Other plant material 
1.7.3 Paper 
1.7.4 Animal-based material 
1.7.5 Sewage 

1.8 Organic mixtures and composites nec 


2 Inorganic compounds and materials 
2.1 Halogens and their compounds 
2.1.1 Chlorine-based 
2.1.2 Others 
2.2 Ferrous metals and their compounds 
2.3 Non-ferrous metals and their compounds 
2.3.1 Non-radioactive 
2.3.2 Radioactive 
2.4 Oxides of carbon, nitrogen and sulphur 
2.5 Mineral acids 
2.6 Nitrates, phosphates and sulphates 
2.7 Synthetic fertilisers 
2.8 Minerals and mineral-based materials 
2.8.1 Asbestos 
2.8.2 Glass 
2.8.3 Others 
2.9 Particulate matter 
2.10 Soil 
2.11 Inorganic mixtures and composites n.e.s 


3 Durable goods 
3.1 Transportation equipment 
3.2 Machinery and appliances 
3.3 Furnishings 
3.4 Mixed demolition waste 
3.5 Other durable-good wastes 


4 Waste energy 
4.1 Heat 
4.2 Light 
4.3 Noise 


represent the major headings of the waste disposal rout 
classification shown in Text Box 4.4. Each of the major dis 
posal routes is further subdivided into more specific route 
through which wastes can be disposed. 
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Text Box 4.4 
Classification of Waste Disposal! Routes 


4 Environment 
a = 
1.1.1. Over urban areas 


1.2 Over rural areas 
and . 


1.2.1. Urban areas 
1.2.2 Agricultural land 
1.2.3 Forest land 
1.2.4 Underground 
1.2.5 Other land 


1.3.1 Lakes 
1.3.2 Rivers 
1.3.3 Oceans 
1.3.4 Groundwater 


21 Landfill sites 
2.4.1 Sanitary 

2.1.2 Non-sanitary 
2.2 Mine tailings piles 
2. e storehouses 
nuclear wastes 


other wastes 


The environment is divided broadly into air, land and water, 
sach of which is again further subdivided into several more 
specific categories. Although each of these specific catego- 
ies could in turn be further divided, this is currently unnec- 
sssary. The waste statistics that are available for 
ncorporation into the MEFA do not lend themselves to be- 
ng classified more finely than is possible with the simple 
slassification in Text Box 4.4. If necessary, the classification 
vill be further expanded to allow for more detailed statistics 
0 be recorded in the future. 


The classification of managed disposal sites (Category 2 in 
Text Box 4.4) is also relatively simple, being restricted to 
Inly the most important of such sites. Sanitary landfill sites 
Category 2.1.1) are defined as those facilities run express- 
y for the purpose of disposing of municipal solid waste in 
which some form of physical barrier is used to isolate the 
waste from the immediate environment. Non-sanitary land 
ill sites (Category 2.1.2) are defined as disposal sites for 
solid wastes in which no special effort is made at isolating 
he wastes from the immediate environment. This includes 
Jublic garbage dumps in which wastes are simply tipped 
nto open pits or piles, as well as dumps used for the on-site 
jisposal of wastes at industrial facilities. Mine tailings piles 
Category 2.2) are used for the disposal of waste rock and 
ther debris at mine sites. Finally, waste storehouses (Cat- 
sgory 2.3) are defined as managed facilities in which 
Nastes (normally hazardous in some way) are placed for 
ong-term storage. The best example is the holding pools in 
which spent nuclear fuel rods are currently stored. 
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Classification of waste sources not related to 
current economic activity 


Relatively few sources of wastes not related to current eco- 
nomic activity need be recognised in the MEFA. The rele- 
vant categories are shown in Text Box 4.5. The headings in 
this classification have already been discussed above (or 
are self-explanatory) and do not require further explanation. 


Text Box 4.5 


Classification of Non-economic Waste 
Sources 


1 Catastrophic spills 
1.1. On water 
1.2 Onland 


2 Leakages from waste disposal sites 
2.1 Landfill sites 
2.2 Toxic waste storehouses 


At this point, the full conceptual details of the MEFA have 
been presented and discussed. The remainder of the chap- 
ter is devoted to discussing the data sources and methods 
used to date in the development of the accounts. 


4.4 Data sources and methods 


Many sources of data describing resource and waste flows 
exist in Canada. These include government sources such 
as published and unpublished inventories from monitoring 
programs, one-time research studies, and administrative 
data. Universities, private consulting firms, corporate envi- 
ronmental reports, and environmental organisations are 
also useful sources. 


Generally speaking, data from these sources share one or 
more of the following characteristics. 


¢ The data represent only a subset of the resource or 
waste flows relevant to a particular issue. This might 
mean that they do not cover all sectors of the econo- 
my, that they represent only certain regions of the 
country, that they focus only on specific categories of 
resources or wastes, or any combination of the above. 


e The data are not published, or are published only ir- 
regularly. This might be because they result from a 
one-time research study, or it could be that they come 
from an environmental monitoring program that has 
ceased to exist. 


Data from different sources and/or time periods are of- 
ten incompatible with one another. Different classifica- 
tions and inconsistent collection methods can render 
data seis incompatible for example. 
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¢ Finally, the data lack any integration with economic 
statistics. 


The above list is not meant as a criticism of the resource 
and waste flow data currently available. Indeed it would be 
surprising if data sets from different organisations were 
compatible, as each agency has a different need to fulfill 
when it sets out to collect data. Rather, the list simply out- 
lines the difficulties that data users can face when trying to 
compile and use waste data from different sources. The 
MEFA go some way toward solving these difficulties by in- 
corporating data from various sources into a consistent and 
comprehensive accounting framework and making them 
available through a single source. 


To date, the empirical development of the MEFA has been 
focused in the following areas: 


e water; 
* energy; and 


* greenhouse gases. 


The data sources and methods used to estimates flows of 
these resources and wastes in MEFA are described in this 
section. 


4.4.1 Water 


The MEFA present detailed water flow data for industries, 
households and governments. Currently, these data cover 
the years 1981, 1986 and 1991. Text Box 4.6 shows the wa- 
ter-use parameters that are measured in the MEFA. 


Due to the efforts of Environment Canada over the past two 
decades, excellent time series of industrial and municipal 
water-use data exist in Canada. The industrial data are col- 
lected through a series of joint Environment Canada/Statis- 
tics Canada surveys of industrial water use (see for the 
most recent example, Tate and Scharf, 1995). The munici- 
pal water-use data are collected by Environment Canada 
through the Municipal Water Use Database (Environment 
Canada, 1994). These two surveys are the principal sourc- 
es of water-use data for the MEFA. Water use for consum- 
ers not covered by either of these surveys is estimated 
using other methods. 


Data sources and methods 


Except for the agriculture industry, estimates of water use 
for major water-using industries are derived from Environ- 
ment Canada’s industrial water use surveys. These surveys 
cover the mining industries, the manufacturing industries 
and the thermal electric power industry. Approximately 85 
percent of total industrial water use is accounted for by the 
surveyed industries. 


Agriculture industry - Agricultural water-use estimates are 
prepared by Environment Canada by combining data for 
livestock numbers and land-area under irrigation with wa- 
ter-use coefficients. 
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Text Box 4.6 
Water Use Parameters 


The following list defines the most important water- 
use parameters included in the MEFA. 


¢ Water intake is defined as water withdrawn from the 
ground or surface for use in economic activity. In- 
take can either be self-supplied (that is, withdrawn 
from source directly by the user), or publicly sup- 
plied (withdrawn by public water utilities and deliv- 
ered to end users). 


¢ Recirculation refers to the use of a given volume of 
water at least twice by an industrial establishment. 
Recirculation does not refer to water reused within a 
particular process of a plant, but only to water that 
leaves a process and re-enters it again or is used in 
another process. 


e Gross water use is defined as the sum of water in- 
take plus recirculation. 


¢« Consumption is that part of water intake that is 
evaporated, incorporated into products or crops, 
consumed by humans or livestock, or otherwise re- 
moved from the local hydrologic environment. 


Discharge is water returned to a surface- or ground- 
water source, either directly or through a municipal 
sewer system, after release from the point of use. 


Mining industries - Water use in metal mines, non-meti 
mines, coal mines and (except for 1991) crude petroleur 
and natural gas plants are covered by the Survey of Wate 
Use in Mineral Extraction Industries. This survey covers é 
significant operating establishments within these industrie 
and, therefore, few adjustments to the survey data are re 
quired before they are incorporated into the MEFA. The me 
jor adjustment is to modify the treatment of water that mu: 
be pumped from mines to prevent flooding (known as mine 
water). Minewater is not considered water intake by th 
mining industries in the survey, although it is considered é 
part of their discharge. The result is that the survey repor 
water discharge as exceeding water intake for these indu: 
tries. Rather than adopt this treatment in the MEFA, mine 
water is instead included in intake, on the grounds that 
represents an unavoidable diversion of water in associatio 
with mining activity. The fact that minewater is not intentior 
ally diverted does not diminish this fact. Water intake - 
therefore equal to water discharge for the mining industrie 
in the MEFA. 


Estimates of water use are made for the mining industrie 
not covered by the survey (quarries and sand pits, and mir 
ing services). The estimates for quarries and sand pits ar 
based on a per-employee U.S. coefficient (U.S. Bureau ¢ 
the Census, 1981) applied to Statistics Canada emplo' 
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ent data for this industry. No suitable data exist to employ 

estimating water use by the mining services industry 
/hich comprises mainly contract drilling companies); these 
stimates are based on professional judgement. 


anufacturing industries - Approximately one half of all 
anufacturing industries are covered by the Survey of Wa- 
r Use in Manufacturing Industries. The share of manufac- 
ring water use captured by this survey is closer to 85 
srcent however, as the surveyed industries include all of 
e large water-using establishments in the manufacturing 
dustries. Data for these industries are incorporated direct- 
into the MEFA with only minor adjustments. The most im- 
yrtant is a slight upward adjustment to account for the 
nall establishments within each industry that are not cov- 
ed by the survey. The ratio of water use to employment for 
e surveyed establishments, taken on an industry-by-in- 
Istry basis, is applied to each non-surveyed establishment 
make this adjustment. Adjustments are also required to 
rect for obvious reporting errors and/or non-response. ' 
1ese adjustments are again made by applying the ratio of 
ater use to employment for the surveyed establishments 
each establishment for which there was no response or 
1 obviously incorrect response. 


or those manufacturing industries not covered by the sur- 
y, an estimate of water use is derived by combining em- 
oyment data® with per-employee water-use coefficients. 
or many of these industries, a water-use coefficient based 
1 U.S. data is available (U.S. Bureau of the Census, 1986). 
or industries for which no appropriate U.S. coefficient is 
jailable, a per-employee coefficient based on employment 
1d water use in the most similar Canadian industry that is 
cluded in the manufacturing water use survey is used. 


nermal electric power industry - Water use estimates 
r thermal electric power stations are available from the 
urvey of Water Use in Thermal Power Plants. All operating 
wer plants are included in this survey, so there is no re- 
Jirement for adjustment of the survey data before incorpo- 
tion in the MEFA.° 


small number of establishments other than electric power 
ations also produce thermal electric power (mainly for 
If-consumption, but occasionally for sale as well). The 
ater used by these small producers is collected along with 
at used at thermal electric power stations through the 
ermal power plant survey. This water use is transferred to 
e industries in which the production occurs before the 
ata are incorporated into the MEFA. 


ther industries - For the remaining, non-surveyed indus- 
es (construction, transportation, finance, retail and whole- 
le trade and other services) one of two methods is 


Reporting errors and non-response may be due to the tendency in major 
industries toward self-supply of water. Because of the low cost associated 
with self-supplied water, some establishments may feel that water use 
does not warrant detailed record keeping. 

Employment data are taken from the Survey of Manufactures. . 
Following the treatment in Environment Canada’s water-use surveys, in- 
stream water use for hydroelectric power generation is not measured in 
the MEFA. 
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employed in estimating water use. For industries involved in 
the areas of accommodations and entertainment, a combi- 
nation of Statistics Canada data on customers served and 
per-customer water-use coefficients is used. For other in- 
dustries, Statistics Canada employment data are combined 
with per-employee water-use coefficients. Several different 
sources of per-customer and per-employee coefficients are 
used in making these estimates: the U.S Army Corps of En- 
gineers (Davis et al/., 1988); water audits conducted by En- 
vironment Canada, Public Works and Government Services 
Canada and various municipal engineering departments; 
and engineering consulting reports. 


Several assumptions are made in estimating water use for 
the non-surveyed industries. First, it is assumed that all of 
them (except construction‘) derive all their water from mu- 
nicipal sources. Second, it is assumed that they all dis- 
charge their water into municipal sewer systems (again with 
the exception of construction). Finally, these industries are 
all assumed to consume at least some water for drinking, 
food preparation, lawn watering, vehicle cleaning and other 
purposes. The percentage of their intake consumed is esti- 
mated using a combination of professional judgement and 
data from the U.S. Geological Survey (Solley et a/., 1993). 
The estimates of consumption vary between 5 percent and 
30 percent of total intake, depending upon the nature of the 
industry. Industries engaged in activities in which water is 
used for many consumptive purposes (accommodation and 
food services for example) are placed at the high end of this 
range; those whose activities do not result in much con- 
sumptive water use (financial services for example) are 
placed at the low end of the range. The remaining industries 
are placed in the middle. 


Households - Water use by households served by munici- 
pal water supply systems is available from Environment 
Canada’s Municipal Water Use Database (MUD). Only one 
modification is made to the MUD data before they are incor- 
porated into the MEFA. This is the reallocation of water use 
in apartment buildings from the business sector, where it is 
classified in the MUD data, to households. 


MUD does not contain estimates of water use by persons 
not served by municipal water supply systems; that is, for 
those who supply their own water from underground wells 
or by pumping directly from surface water. Estimates are 
made for this portion of the population by multiplying the 
number of persons not served by municipal systems? by a 
per-capita water-use coefficient for self-supplied house- 
holds (Carr et a/., 1990). 


Governments - A combination of employment data or—in 


. the case of government services—persons served,° with 


4. The construction industries are assumed to supply some of their own 
water from surface sources. Amounts are estimated based on professional 
judgement. 

5. The number of persons served by municipal water systems is available 
from MUD. The number of persons not served is estimated as the differ- 
ence between this number and the total population. 

6. Data on persons served are used to estimate water use in the following 
government service areas: schools, hospitals and other care facilities, cor- 
rectional institutions and airports and train stations. 
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per-employee (or per-person) water-use coefficients are 
used to estimate water use for the government sector. The 
same assumptions about water intake, discharge and con- 
sumption just mentioned with respect to industries apply as 
well to governments. Again, consumption shares range 
from 5 percent to 30 percent of total intake. 


Data accuracy 


The MEFA water data are considered to be very accurate in 
the case of consumers for which estimates are based on 
survey data. This includes the mining, manufacturing and 
electric power industries, plus households and govern- 
ments. Because these groups represent the largest water 
consumers in the economy, the overall accuracy of the wa- 
ter use data is considered to be very good. The estimates 
for consumers for which no direct survey data are available 
are considered to be of lower, but still acceptable, accuracy. 
These estimates are mainly based on a combination of co- 
efficients drawn from reliable U.S. or Canadian sources with 
Statistics Canada economic or demographic statistics. 


4.4.2 Energy 


The MEFA record in quantitative units (joules) the annual 
consumption of energy commodities by industries, persons 
and governments. | The current period of coverage is 1981- 
1992 inclusive. 


Eleven energy commodities are represented in the ac- 
counts: coal, crude oil, natural gas, liquid petroleum gases, 
electricity, coke, motor gasoline, diesel fuel, aviation fuel, 
light fuel oil and heavy fuel oil. Both the consumption of 
these commodities for their energy content (the combustion 
of gasoline in motor vehicles for example) and as material 
feedstocks (natural gas used as a raw material in fertiliser 
production for example) are measured in the accounts. 


The 11 energy commodities represented in the MEFA 
match exactly with those represented in the Input-Output 
Accounts. As explained below, the Input-Output Accounts 
are an important source of energy data for the MEFA,; it is 
for this reason that the two share identical classifications of 
energy commodities. These commodities subsume all 24 of 
the energy commodities for which economy-wide produc- 
tion and consumption data are published by Statistics Can- 
ada in the Quarterly Report on Energy Supply-Demand in 
Canada (QRESD).* Regular users of Statistics Canada en- 
ergy data will be familiar with the latter publication and may 
wonder what differentiates the MEFA energy data from the 
QRESD. A direct comparison shows that the two in fact 
complement one another. 


—b 


. The energy flows included in the MEFA to date focus on energy consump- 
tion only. Detailed energy production statistics are available from several 
other Statistics Canada sources and, since production tends to be concen- 
trated in a few industries, the industrial detail offered by the MEFA is not 
as important with respect to energy production as it is with respect to 
energy consumption. Energy production statistics will be incorporated into 
_ the MEFA in the future. 

2. Statistics Canada, Catalogue no. 57-003. 
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Text Box 4.7 
Comparison of Energy Commodities in 


the MEFA the QRESD 


MEFA QRESD 


Canadian bituminous coal 
U.S. bituminous coal 


Coal sub-bituminous coal 
anthracite coal 
lignite coal 

crude oil crude oil 

natural gas natural gas 


motor gasoline motor gasoline 


aviation turbo fuel 


aviation fuel aviation gasoline 
diesel fuel diesel fuel 
: - light fuel oil 
light fuel oil kerosene 
heavy fuel oil heavy fuel oil 
propane 
butane 
liquified petroleum gases ethane 
refinery still gas 
coke oven gas 
primary electricity (hydro and 
a nuclear) 
Plecticny secondary electricity (fossil 
thermal) 
oe petroleum coke 


coal coke 


The first important difference between the two can be see 
in Text Box 4.7, which compares the energy commodities « 
the MEFA to the more detailed QRESD commodities. Frot 
this table, it is immediately obvious that there is considers 
bly less detail with respect to certain energy commodities | 
the MEFA. Coal, for example, is represented in terms of fiv 
different coal types in the QRESD, while the MEFA repre 
sents coal as a single commodity. Most of the important e1 
ergy commodities (in terms of the percentage of tot 
energy they supply) are represented with as much detail | 
the MEFA as in the QRESD however. 


The second important difference between the MEFA an 
QRESD relates to their frequency and timeliness of public: 
tion. The QRESD, as its name implies, is published eac 
quarter and is released a few months following the refe 
ence period. The MEFA, in contrast, are annual and ar 
(currently) available only four years after the reference yea 


What the MEFA lack in energy commodity detail and time 
ness, they make up for in terms of industrial detail. Wheree 
the QRESD breaks the economy into 19 industry grouping 
plus households and governments, the MEFA in their mo: 
detailed form provide energy data for 161 industries, houss 
holds and governments. Moreover, being structured a 
cording to the accounting framework presented earlier | 
Figure 4.1, the energy data in the MEFA may be easily con 
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“Text Box 4.8 


_ Energy Data Sources for the MEFA 


Data Source 


‘Value of energy purchases for all 
businesses, households and 
governments 


Mining industries, energy 
consumption in physical units 


“Manufacturing industries - energy 
consumption in physical units 


Annual Survey of Manufactures 


51-002) 


N 


For-hire transportation industries 


(Catalogue no. 53-215) 


Electric power industry - energy 
consumption in physical units Canada 


(Catalogue No. 57-003) 


Total ener ‘gy consumption in 
physical units Canada 


(Catalogue No. 57-003) 


EEE ER a 


Producer consumption of energy 


ommodities in physical units 22202 


(Catalogue No. 57-003) 


A on-energy consumption of 
energy commodities in physical Canada 
units (Catalogue No. 57-003) 


Consumption of fuel of own- 


production in physical units eens 10 Cakede 


(Catalogue No. 57-003) 


Census of Mines, Quarries and Sanapits 


eas Transport in Canada (Catalogue no. 52- Up to and including 1986, the data source for the rail 
- energy consumption in physical lai! in Canada (Catalogue no. 52-216) 


units Trucking in Canada (Catalogue no. 53-222) 
| Shipping in Canada (Catalogue no. 54-205) 
Passenger Bus and Urban Transit Statistics 
Quarterly Report on Energy Supply-Demand in 
Quarterly Report on Energy Supply-Demand in 
Quarterly Report on Energy Supply-Demand in 


Quarterly Report on Energy Supply-Demand in 


Quarterly Report on Energy Supply- 


_ Data requirement 


Comment 


Input-Output Accounts (constant dollar version) 


Due to unavailability of data from the Annual Survey of 
Manufactures, physical data for all industries during 
period 1987-1989 inclusive are taken from the Quarterly 
Report on Energy-Supply Demand in Canada (Catalogue 
no. 57-003). 


Due to unavailability of data from the Annual Survey of 
Manufactures, physical data for all industries during 
period 1987-1989 inclusive are taken from the Quarterly 
Report on Energy-Supply Demand in Canada (Catalogue 
no. 57-003). 


Air Carrier Operations in Canada (Catalogue no. 


transport industry was Railway Transport in Canada. This 
catalogue was discontinued in 1986. Subsequent to 
1986, Hail in Canada, first issued in 1987, became the 
data for this industry. 


bined with economic data from the Input-Output Accounts. 
This allows very detailed analysis of the relationship be- 
tween energy use and economic activity. 


Thus, rather than being substitutes for one another, these 
two sources of energy data are in fact complementary. 
Those users requiring very timely and frequent energy data 
can turn to the QRESD. There is a cost for these “up-to-the- 
minute” data in terms of reduced industrial detail. Other us- 
ers who are more interested in industrial detail and analyti- 
cal power may find their needs better met by the MEFA. 


Data sources 


The energy flows recorded in the MEFA are estimated using 
data from a variety of Statistics Canada sources. Each of 
these sources, along with the data requirements it serves, 
is outlined in Text Box 4.8. 


Two of the sources listed in Text Box 4.8, the Census of 
Mines, Quarries and Sandpits and the Annual Survey of 
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Manufactures, provide the majority of the energy consump- 
tion data required for the MEFA. These two surveys collect— 
among many other statistics—quantitative data on the annu- 
al use of energy commodities by mining and manufacturing 
establishments. The use of energy commodities as both en- 
ergy sources and as material inputs is collected. Aggregat- 
ed by commodity and industry, these data are a key input 
into the MEFA. 


The QRESD is also a very important source of energy data. 
it provides benchmark estimates of total annual availability’ 
for each energy commodity. Total consumption of each of 
the 11 energy commodities represented in the MEFA must 
be equal to the reported QRESD availability. The QRESD is 
also the source of data on the quantities of energy commod- 
ities consumed directly by their producers (for example, the 


1. Availability is defined for each commodity as domestic production plus 
imports less exports with adjustments made for inventory changes and 
interproduct and inter-regional transfers. See Catalogue no. 57-003 
(QRESD) for a more detailed description. 
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consumption of natural gas in natural gas processing 
plants). Lastly, the QRESD provides estimates of the quan- 
tity of fossil fuels consumed by the electric power industry. 


The above three sources provide quantitative data for the 
most important energy-consuming industries. These indus- 
tries combine to represent more than 50 percent of total 
consumption for each of the energy commodities represent- 
ed in the accounts. For some commodities, coal and crude 
oil in particular, these industries represent upwards of 100 
percent of economy-wide consumption. 


The remainder of the energy data required for the MEFA, in- 
cluding those for households and governments, come from 
the Input-Output Accounts (with the exception of the for-hire 
transportation industries, for which data are available from 
the Statistics Canada sources listed in Text Box 4.8). Incor- 
poration of the data from the Input-Output Accounts, which 
it should be recalled are measured in dollar values and not 
physical quantities, follows the method described in the fol- 
lowing section. 


Although every effort is made to employ consistent data 
sources when compiling the MEFA, discontinuities in Statis- 
tics Canada data collections occasionally prevent this ideal 
from being reached. Such is the case for energy data. 
Changes to the Annual Survey of Manufactures during the 
period 1987-1989 reduced the quality of the quantitative en- 
ergy consumption data collected during those years below 
the level acceptable for use in the MEFA. In the absence of 
these data, the QRESD serves as the source for all energy 
data in the MEFA during the period 1987-1989. 


Method 


As described above, reliable, quantitative estimates of an- 
nual energy use are available for the major energy-using in- 
dustries directly from Statistics Canada surveys. Little more 
is required to incorporate these data into the MEFA than to 
aggregate them according to the MEFA classifications of in- 
dustries and energy commodities.' In the case of energy 
consumers for which suitable quantitative data are not di- 
rectly available, an alternative estimation method based on 
the Input-Output Accounts is used. 


The use of the Input-Output Accounts first requires that the 
available quantitative data be summed for each energy 
commodity. These amounts are then subtracted from total 
availability by commodity (from the QRESD), leaving a re- 
sidual quantity of unallocated availability for each commod- 
ity. These residual quantities represent consumption by 
those consumers for which no direct quantitative data are 
available. The equivalent value of their energy consumption 
is calculated from the Input-Output Accounts by summing 
their energy purchases on a commodity-by-commodity ba- 
sis. Dividing the value of purchases so calculated by the re- 
sidual availability for each commodity yields an implicit unit 
price paid for energy by these consumers. This unit price, in 
turn, is used to estimate the quantity of energy consumed 


1. Minor adjustments are made to the data to account for small establish- 
ments not covered by the surveys. 


by each of these consumers by dividing their purchases by 
the unit price. 


An example of the method used to compile the energy con- 
sumption data for the MEFA is presented in Table 4.1. Total 
availability of 100 units of a given energy commodity is allo- 
cated across a simplified economy consisting of three in- 
dustries plus households and governments. 


Table 4.1 
Allocation of an Energy Commodity 


Quantity Quantity entered in MEFA 


Value of 

Sector consumed energy use account 

(units) purchases (units) 
Mining industries 10 n/a 10 
Manufacturing 50 n/a 50 
Other industries n/a 75 (75/200 ) x ( 100-60 ) = 15 
Households n/a 75 (75/200 ) x ( 100-60 ) = 15 
Governments n/a 50 (50/200 ) x ( 100-60 ) = 10 
Total 60 200 100 


Data accuracy 


The accuracy of the MEFA energy consumption data is, in 
general, good. As mentioned above, the major portion of 
the consumption of each energy commodity is derived from 
quantitative data based on well-established Statistics Can- 
ada surveys in which energy suppliers (or consumers) are 
asked to report the quantities of energy commodities they 
have sold (or purchased) in the previous year. Furthermore, 
the consumers from whom quantitative data are collected 
are typically those that use large quantities of energy. 
These are the same consumers who are most likely to ac- 
curately monitor and record their energy consumption. 


This said, it must be acknowledged that the method used to 
estimate energy consumption for those consumers for 
whom no quantitative data are available produces results 
that are of lower accuracy. Implicit in this method is the as- 
sumption that the price paid for a given energy commodity 
is exactly the same for all consumers included in the alloca- 
tion of residual availability. In reality this is not the case. 
Consumers across the country pay different prices for the 
same energy commodity depending upon a number of fac- 
tors: their proximity to energy suppliers, the volume of thei 
purchases, the grade of fuel that they purchase, and the 
supplier from whom they buy. To the extent that these fac- 
tors cause the price paid for a given commodity by a given 
consumer to deviate from the implicit unit price used in the 
residual allocation, the quantity of energy assigned to thai 
consumer in the MEFA is inaccurate. It is worth bearing in 
mind that the consumers included in the allocation of resid- 
ual availability are (with the exception of households) not 
large energy consumers and that the overall accuracy of the 
energy data is therefore not seriously degraded by this as- 
sumption. 
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4.4.3 Greenhouse gases 


Given the attention focused on the issue of climate change 
in the early 1990s, data on greenhouse gas emissions (car- 
bon dioxide, methane and nitrous oxide) were among the 
first incorporated into the MEFA.' The current period of cov- 
erage for these flows is 1981-1992 inclusive. 


The methods used for estimating annual emissions of these 
gases are based on a 1990 inventory of greenhouse gas 
emissions developed by Environment Canada (Jaques, 
1992). Except where otherwise noted, this study is used as 
the basis for the estimation of all greenhouse gas emissions 
data included in the MEFA. 


Carbon dioxide emissions 


Emissions of carbon dioxide (COs) are the most straightfor- 
ward of the greenhouse gases to measure. Emissions of 
this gas are primarily related to the combustion of fossil fu- 
els (more than 90 percent of Canadian emissions result 
from this activity). Moreover, unlike other greenhouse gas- 
es, the quantity of CO» produced per unit of fuel burned 
does not vary significantly with the conditions of combus- 
tion; in nearly all processes where fossil fuels are burned, 
essentially all of the carbon found in the fuel is ultimately 
converted to COs. Thus, it is possible to calculate a single 
set of emission factors that accurately express the quantity 
of carbon dioxide produced per unit of fossil fuel burned (in 
tonnes of COs per terajoule of fuel). Text Box 4.9 shows 
such a set of emission factors developed by Environment 
Canada. These factors are combined with MEFA energy 
data to estimate carbon dioxide emissions from fossil fuel 
combustion for the MEFA. 


There are also non-combustion uses of fossil fuels that re- 
sult in the release of CO». These are related to the use of 
fuels as feedstocks in certain industries. The emissions fac- 
tors developed by Environment Canada for these sources 
are combined with MEFA data on feedstock energy com- 
modity use to estimate the associated carbon dioxide emis- 
sions. 


1. The so-called “greenhouse effect” is a natural phenomenon whereby cer- 
tain trace atmospheric gases absorb a portion of the heat radiating from 
the planet’s surface, trapping and reflecting it back before it escapes to 
space. In this way the gases act like the covering on a greenhouse (hence 
the name given to the effect). By preventing this heat from escaping to 
space, these “greenhouse gases” keep global temperatures much warmer 
than would be the case in their absence. Indeed, in the absence of the 
greenhouse effect, the planet would be too cold to support life. In recent 
years scientists have expressed concern that human-induced changes in 
the atmospheric concentrations of certain greenhouse gases are signifi- 
cantly enhancing the naturally occurring greenhouse effect (Houghton et 
al., 1996). This enhancement is predicted to cause warming of the earth’s 
atmosphere and significant disruptions in global climatic systems. The 
principal gases responsible for the enhancement in the greenhouse effect 
are carbon dioxide, methane, nitrous oxide, and the group of compounds 
known as halocarbons. (Halocarbon is the generic term for any carbon- 
based compound that contains chlorine, fluorine, bromine or iodine. The 
best known of this group are the so-called chlorofluorocarbons. Widely 
recognised for their role in depletion of the ozone layer, these compounds 
are also potent greenhouse gases.) 
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[ Text Box 4.9 


Carbon Dioxide Emission Factors for 
Fossil Fuel Combustion 


Fuel type Carbon dioxide emission factor 
(tonnes/terajoule) 
Natural gas 49.68 
Still gas 49.68 
Automobile gasoline 67.98 
Kerosene 67.65 
Aviation gasoline 69.37 
SO petroleum 59.84 - 61.38 
Diesel oil 70.69 
Light fuel oil 73.11 
Heavy fuel oil 74.00 
Aviation turbo fuel 70.84 
Petroleum coke 100.10 
Coal coke 86.00 
Anthracite coal 86.20 
U.S. bituminous coal 81.60 - 85.90 
| md bituminous 83.00 - 94.30 
Sub-bituminous coal 94.30 
Lignite coal 93.80 - 95.00 
Note: 


In cases where the emission factor is expressed as a range, the mid-point of the 
range is used in estimating carbon dioxide emissions in the MEFA. 
Source: 


Jaques, 1992, p. xx. | 


Aside from fossil fuel-related sources, several industrial 
processes produce significant quantities of CO: cement 
and lime production, ammonia production and natural gas 
production. The CO, emissions associated with each of 
these non fuel-combustion sources are again estimated us- 
ing emission factors developed by Environment Canada. 
These factors are combined with Statistics Canada data on 
cement, lime, ammonia and natural gas production? to esti- 
mate the associated CO, emissions. 


Note that COz emissions from the combustion of biomass 
(wood waste and fuel wood) are not recorded in the MEFA. 
These are assumed to be off-set by the natural uptake of 
carbon dioxide due to forest growth and, therefore, not to 
make a net contribution to Canadian emissions. 


2. Statistics Canada, Industry Division. 
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Methane emissions 


According to Environment Canada, methane emissions are 
associated with the following economic activities: 


¢ rearing of farm animals; 

* coal mining; 

¢ oil and gas production and distribution; 
¢ solid waste disposal; 


¢ stationary and transportation fossil fuel combustion; 
and 


¢ controlled burning of logging residue. 


Estimates of the emissions of methane from all of these 
sources are included in the MEFA, again based on the esti- 
mation methods developed by Environment Canada. 


Agricultural methane emissions are associated with live- 
stock rearing. The anaerobic digestion of forage in the ru- 
men (first stomach) of certain farm animals results in 
substantial releases of methane, as does animal manure. 
The emissions associated with digestion are approximately 
twice those associated with manure. Cattle are the most 
significant source of digestive releases, with a mature dairy 
cow estimated to produce 120 kg of methane annually. En- 
vironment Canada reports that Canadian cattle of all types 
produced 612 kilotonnes of methane from their digestive 
processes in 1990, or about 16 percent of total methane 
emissions associated with economic activity. 


Combining the per-head emission factors developed by En- 
vironment Canada for various species of farm animals with 
Statistics Canada livestock population data,' estimates of 
digestive methane releases are developed for the MEFA. 
Methane releases from animal manure are similarly esti- 
mated using the per-head manure production rates and 
methane conversion factors developed by Environment 
Canada. Total livestock methane emissions—from digestion 
and manure—are classified to the Livestock Agriculture In- 
dustry in the MEFA. 


Coal mines can be significant sources of methane emis- 
sions, depending upon the type of coal mined and location 
of the mine site (Surface or underground). The amount of 
methane trapped in coal seams varies significantly from lo- 
cation to location. Generally speaking, deep underground 
mines tend to release more methane than surface mines, as 
much of the methane trapped in surface coal deposits has 
escaped over geologic history. 


Environment Canada has estimated total methane emis- 
sions associated with coal mining activity in 1990. This es- 
timate is prorated using Statistics Canada data on coal 
production by mine type (surface or underground) to pro- 
duce estimates for inclusion in the MEFA. 


Natural gas production and distribution - Natural gas is 
essentially pure methane. Thus, any releases of natural gas 


1. Statistics Canada, Agriculture Division. 
2. Statistics Canada, Coal Mines, Catalogue no. 26-206. 
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to the atmosphere during its extraction and distribution are 
recorded in the MEFA as methane emissions. Environment 
Canada has estimated natural gas releases from the pro- 
duction and distribution of gas for the year 1990. This figure 
is prorated using Statistics Canada data on gas production? 
to estimate methane emissions from these activities for in- 
clusion in the MEFA. The emissions associated with natural 
gas production are classified to the Crude Petroleum and 
Natural Gas Extraction Industry, while those associated 
with gas distribution are classified to the Gas Distribution 
Systems Industry. 


Landfill sites are major sources of methane emissions. 
Under the appropriate moisture, acidity, temperature and 
nutrient conditions, methanogenic bacteria present in the 
waste pile decompose the organic matter and produce 
methane gas as a by-product. Typically, this methane sim- 
ply escapes to the atmosphere by seeping through the bur- 
ied waste. Although some landfill sites are equipped with 
systems to trap and burn the methane. Environment Cana- 
da has estimated that approximately 1.6 megatons of meth- 
ane was produced in landfill sites in 1990. Of this, 
approximately 13 percent was captured and burned, leav- 
ing just over 1.4 kilotonnes to escape to the atmosphere. 
This figure is included in the MEFA for 1990 in the matrix of 
wastes not related to current economic activity (matrix S). 
Estimates of landfill methane emissions for other years 
have not yet been made. 


Fuel combustion methane emissions are small in compar- 
ison with those from the sources mentioned above. Envi- 
ronment Canada reports that less than one percent of the 
methane emissions associated with economic activities re- 
sult from this activity. Methane is produced both by station- 
ary combustion equipment and by motor vehicles, with 
approximately three quarters of total fuel combustion emis- 
sions originating from the latter source. 


Environment Canada has published a set of methane emis- 
sion factors for various fuels and stationary combustion 
equipment (utility boilers, industrial boilers, commercial boil- 
ers and residential boilers/neaters). These emission factors 
(expressed in kilograms CH, per terajoule of fuel burned) 
are combined with MEFA fossil fuel consumption data to es- 
timate stationary fuel combustion methane emissions. As- 
sumptions are made about the kind of heating equipment 
likely to be used by each fuel consumer: manufacturing in- 
dustries are assumed to use industrial boilers; electric pow- 
er plants are assumed to use utility boilers; all other 
industries plus governments are assumed to use commer- 
cial boilers; households are assumed to use residential boil- 
ers/heaters.* 


3. Statistics Canada, Energy Statistics Handbook, Catalogue no. 57-601. 

4. Methane is also produced during the combustion of fuel wood and wood 
waste combustion. These emissions are, however, extremely small. Envi- 
ronment Canada estimates that these sources contributed less than one 
tenth of one percent of all methane emissions from economic activity in 
1990. This value is insignificant in comparison to the uncertainty in the 
estimates of methane emissions from other sources and, therefore, is 
excluded from the MEFA. 
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Methane emissions from transportation fuel use are also 
9ased on emission factors available from Environment Can- 
ada. Emission factors (expressed in kilograms CH, per ter- 
ajoule of fuel burned) for rail, marine, air and off-road land 
ransportation are combined with MEFA fuel use data to es- 
imate methane emissions from these activities. 


=stimates of methane emissions from on-road transporta- 
ion are taken from the results of a computer simulation 
nodel known as Mobile 5C (Kirshenblatt, personal commu- 
lication). This model has been adapted by Environment 
vanada from the Mobile 5 model originally developed by the 
J.S. Environmental Protection Agency. The U.S. The mod- 
2| produces national and provincial inventories of total hy- 
Jrocarbon (THC), non-methane hydrocarbon (NMHC), 
ritrogen oxide (NO,) and carbon monoxide (CO) emissions 
rom various categories of road motor vehicles.! Methane 
2missions are calculated as a percentage of the difference 
yetween THC and NMHC emissions. 


[he incorporation of data from MOBILE 5 into the MEFA is 
10t straightforward. The challenge comes in allocating the 
smissions from each vehicle category among industries, 
10useholds and governments. The available Statistics Can- 
ada data on motor vehicle registrations® are inadequate for 
his task, since they indicate only how many vehicles are 
egistered in the country and not by whom they have been 
egistered. In the absence of appropriate registration data, 
a less refined approach to allocating the emissions from 
MOBILE 5C is used. First, professional judgement is used 
© decide who, among industries, persons and govern- 
nents, is likely to use which type of road vehicles. Once the 
users” of each vehicle type are determined, the associated 
2missions from the MOBILE 5C national inventory are dis- 
ributed among the users in proportion to their consumption 
»f motor fuels. For example, in the case of light duty gaso- 
ine vehicles, it is judged that persons, governments, taxi 
cabs, auto manufacturers and the “travel and entertain- 
nent” industry are the predominant users of this type of ve- 
licle. The associated methane emissions are distributed 
among these users in proportion to each user’s share of the 
Jasoline consumption of the group as a whole. 


Prescribed fires for the purposes of forest management 
are the final source of methane emissions included in the 
VIEFA. Environment Canada estimates that about 38 kilo- 
onnes of methane (1 percent of emissions from economic 
activities) were released from such fires in 1990. Their esti- 
nate is based on a 10-year average of area burned in pre- 
scribed fires during the 1980s. Thus, the figure of 38 
<ilotonnes is assumed to be valid for each year during the 
1980s. It is classified to the Logging and Forestry Industry 
n the MEFA. 


|. Light duty gasoline vehicles, light duty diesel vehicles, light duty gasoline 
trucks, heavy duty gasoline trucks, heavy duty diesel trucks and motorcy- 
cles. 

. Statistics Canada, Road Motor Vehicles - Registrations, Catalogue no. 53- 
219. 
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Nitrous oxide emissions 


Environment Canada reports that nitrous oxide emissions 
are associated with the following economic activities: 


* production of adipic acid:3 
* fossil fuel use for transportation; 


* use of nitrogen fertilizers; 


Stationary fuel combustion (including fuel wood and 
wood waste); 


production of nitric acid; 
* use of anaesthetics;* and 


* use of propellants in consumer goods.° 


Of these sources, the most important are adipic acid pro- 
duction (33 percent of 1990 emissions), transportation (32 
percent), fertilizer use (12 percent) and stationary fuel com- 
bustion (12 percent). The remaining 12 percent of 1990 
emissions were the result of the other sources listed above. 
Estimates of the emissions of nitrous oxide from all of these 
sources are included in the MEFA based on methods devel- 
oped by Environment Canada. 


Environment Canada reports that nitrous oxide is produced 
as a by-product during the production of both nitric acid 
and adipic acid. The former is used for many purposes (fer- 
tilizer production, organic chemical production, photoen- 
graving, and etching steel among many others), while the 
latter is used almost exclusively in the production of nylon. 
The nitrous oxide emissions from nitric acid production are 
quite small in comparison with those from adipic acid pro- 
duction (approximately one percent of 1990 emissions re- 
ported by Environment Canada were due to the former, 
while 33 percent were due to the latter). A suitable means 
of adopting the method used by Environment Canada to es- 
timate the emissions associated with nitric acid production 
has not yet been developed and, therefore, this relatively 
small source is not currently included in the MEFA. The 
emissions associated with adipic acid production are more 
straightforward to measure however, as Environment Can- 
ada has developed an emission factor that expresses ni- 
trous oxide emissions per unit of adipic acid produced. This 
factor is combined with Statistics Canada data on annual 
adipic acid production® to estimate nitrous oxide emissions 
for inclusion in the MEFA. The emissions from this activity 
are classified to the Industrial Organic Chemical Industry. 


Transportation fuel use is one of the most important 
sources of nitrous oxide emissions. Environment Canada 
reports that vehicles equipped with catalytic converters can 
produce substantial amounts of this gas under certain Cir- 
cumstances. Environment Canada has developed a meth- 


3. Adipic acid is a precursor in certain methods of nylon production. 

4. Nitrous oxide-also known as laughing gas—is a commonly used to relax 
patients before surgery and dental work. 

5. Canned whipped cream, for example, is propelled using nitrous oxide. 

6. Statistics Canada, Industry Division, Annual Survey of Manufactures. 
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od for estimating nitrous oxide emissions from gasoline 
powered motor vehicles that combines data on the share of 
vehicles equipped with various types of catalytic converter’ 
with factors expressing nitrous oxide production per unit of 
gasoline consumption in vehicles equipped with each type 
of converter. Numbers of gasoline vehicles by type of con- 
verter are available from Environment Canada on an annual 
basis (Mill, personal communication). These are combined 
with the emission factors developed by Environment Cana- 
da and MEFA gasoline consumption to calculate nitrous ox- 
ide emissions from gasoline vehicles for industries, 
households and governments. 


Non-gasoline modes of transport (on-road diesel, marine, 
rail and air) also release nitrous oxide. As the vehicles used 
in these transportation modes are not usually equipped with 
catalytic converters, there is no need to factor this element 
into the estimation of their nitrous oxide emissions. Environ- 
ment Canada has developed emission factors for various 
fuels (diesel, heavy fuel oil and aviation fuels) used in trans- 
portation activity. These factors are combined with MEFA 
fossil fuel consumption data to estimate nitrous oxide emis- 
sions. All diesel fuel consumption in the economy (except 
that by electric power producers) is assumed to be used for 
transportation purposes in this calculation. Only the heavy 
fuel oil consumed by the rail and marine transport industries 
is assumed to be for transportation purposes. All aviation 
fuel is, of course, used for transport. 


The use of nitrogen-based fertilizers can result in the re- 
lease of significant amounts of nitrous oxide the necessary 
soil conditions are present. Environment Canada has esti- 
mated that approximately 10.7 kilotonnes of nitrous oxide 
was evolved from soil to which nitrogen fertilizers had been 
applied in 1989. The Canadian Fertilizer Institute reports 
that the nitrogen content of fertilizers sold in 1989 was 1.16 
kilotonnes (Brown, J., personal communication). Using 
these two figures, a crude emission factor can be estimated 
for the quantity of nitrous oxide evolved per unit of fertilizer 
nitrogen applied to soil. This factor is applied to annual fer- 
tilizer nitrogen sales from the Canadian Fertilizer Institute 
(ibid.) to estimate nitrous oxide emissions for the MEFA. 
These emissions are classified to the Fieldcrop Agriculture 
Industry. 


Stationary fuel combustion - Environment Canada has 
published a set of nitrous oxide emission factors for various 
fuels. These emission factors (expressed in kilograms CH, 
per terajoule of fuel burned) are combined with MEFA fossil 
fuel consumption data to estimate stationary fuel combus- 
tion nitrous oxide emissions. 


The combustion of wood wastes by industry (including pre- 
scribed burning for forest management) and the use of fuel 
wood for heating by households represent reasonably im- 
portant sources of nitrous oxide emissions. Environment 
Canada estimates that four percent of total nitrous oxide 


1. Four vehicle types are recognised: no catalytic converter, oxidation cata- 
lytic converter, new 3-way catalytic converter and aged 3-way catalytic 
converter. 


emissions associated with economic activity in 1990 were 
due to these sources. Estimates for wood-related nitrous 
oxide emissions are included in the MEFA based on the sin- 
gle emission factor reported by Environment Canada, which 
express nitrous oxide emissions in kilograms per tonne of 
wood burned.* Quantities of wood wastes burned for ener- 
gy speiesis by industries are available from Statistics Can- 
ada. 


Nitrous oxide is commonly used as an anaesthetic during 
surgery and dental work. Based on U.S. data, Environment 
Canada has developed a per capita emission factor for the 
releases of nitrous oxide due to anaesthetic use. This factor 
is combined with Statistics Canada population figures? to 
estimate annual releases for inclusion in the MEFA. Al- 
though these emissions are associated with activities in 
hospitals and dentists offices, no appropriate data exist with 
which to distribute the emissions between these two sourc- 
es. Thus, they are directly attributed to households. 


The releases of nitrous oxide due to its use as propellant 
in food products have also been estimated by Environment 
Canada using an emission factor based on consumption 
patterns in the United States. This factor is combined with 
Statistics Canada population figures® to estimate annual re- 
leases for inclusion in the MEFA. Although these emissions 
are associated with activities in both the business sector 
and in households, data with which to distribute the emis- 
sions between these two sources are not available. Thus, 
all emissions from this source are directly attributed to 
households. 


Halocarbon emissions 


Environment Canada has made estimates of the emissions 
of halocarbon compounds from various economic sources 
in 1990.° Distributing these emissions across the economy 
for inclusion in the MEFA is not straightforward. Emissions 
from refrigeration and air conditioning equipment for exam- 
ple, are attributable to nearly every economic activity be- 
cause this equipment is so widely used. The same can be 
said of emissions associated with aerosols and foam rub- 
ber. The extent to which each industry, household and gov- 
ernment is responsible for the overall emissions of 
halocarbons from each source is not known at this time. 


Aggregate greenhouse gas emissions 


As well as measuring emissions of each of greenhouse gas 
independently, it is also possible to aggregate the emis- 
sions and express them as a single value. This is possible 


2. In the case of prescribed fires, it is assumed that the Environment Canada 
estimate of 1.2 kilotonnes of nitrous oxide for 1990 holds for the other 
years in the MEFA. See the discussion of methane emissions from pre- 
scribed burning for the reasoning behind this assumption. 

. Statistics Canada, Quarterly Report on Energy Supply-Demand in Can- 
ada, Catalogue no. 57-003. 

4. Statistics Canada, Quarterly Demographic Statistics, Catalogue no. 91- 

002. 

5. Ibid. 

. Fugitive releases, aerosol propellants, refrigeration and air conditioning, 
foam rubber and other sources. 
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Text Box 4.10 
Global Warming Potentials! 


: Greenhouse gas Global warming potential! 


carbon dioxide { 
"methane 24 
nitrous oxide 310 
hydrofluorocarbons? 140 - 11 700 
perfluorocarbons? 6 500 - 9 200 

. chlorofluorocarbons* uncertain, probably positive 


sug eta luorocarbons uncertain, probably negative 


_ Notes: -e / 
_ 1. Based on a 100-year time horizon. 
2. Hydrofluorocarbons are a group of chemicals developed to replace 
chlorofluorocarbons. _ 
3. Perfluorocarbons are used as refrigerants and solvents. 
_ 4. Chlorofluorocarbons are used as refrigerants and solvents. They are perhaps 
____ best known by the general public for their role in the depletion of the ozone 
 fayer. : 
_ 5. Hydrochlorofluorocarbons are a group of chemicals developed to replace 
chlorofluorocarbons. 
6. Halons are much used as fire suppresants. 
Source: 


_ Houghton et al., 1996. 


jue to the development of an index known as global warm- 
1g potential (GWP) (Houghton ef a/., 1996). GWP meas- 
res the heat-trapping potential of each greenhouse gas. 
yarbon dioxide, the least effective of the gases at trapping 
eat, is arbitrarily assigned a GWP of one; other gases are 
issigned values in proportion to their heat-trapping poten- 
al relative to that of carbon dioxide. Text Box 4.10 presents 
aWPs for each of the important greenhouse gases and 
roups of gases. 


iWP is used in the MEFA to weight and aggregate emis- 
ions of carbon dioxide, methane and nitrous oxide. Aggre- 
late greenhouse gas emissions for industries, households 
ind governments are expressed in terms of “carbon dioxide 
quivalent” emissions. It is these aggregate greenhouse 
jas emission estimates that are used in the derivation of the 
reenhouse gas intensity indicators discussed in Annex 
Ee. 


Jata accuracy 


he estimates of fuel-combustion carbon dioxide emissions 
re considered to be of good quality. They are based on ro- 
ust emission factors applied to MEFA energy data that are 
nemselves considered to be good quality. The estimates of 
arbon dioxide emissions from non-combustion uses of fos- 
il fuels, and from other industrial processes, are less accu- 
ate, but are nevertheless considered of fair quality. 


he estimates of methane and nitrous oxide emissions are, 
1 general, of low quality. Although based on the best meth- 
ds available, in many cases the scientific understanding 
inderlying these methods is incomplete. The exception to 
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this rule are the estimates of methane emissions from trans- 
portation activities. Based on a refined and detailed trans- 
portation model (MOBILE 5C), these estimates are 
considered to be of fair accuracy. A great deal of effort by 
the scientific and government communities is currently 
placed on improving our ability to estimate emissions of 
greenhouse gases. It is thus reasonable to expect that the 
quality of these estimates will improve with time. 


4.4.4 Data Gaps 


Despite the substantial progress made in compiling material 
and energy flow data for the MEFA, significant gaps remain 
in the coverage of the accounts, particularly for waste flows. 
The following areas in which existing data are weak or there 
is a complete lack of data can be noted. 


° Reliable, detailed data on the quantities of non-toxic 
solid waste (e.g. household solid waste) generated 
and recycled in Canada do not exist. Those data that 
do exist are not highly detailed with respect to material 
composition. More detrimental from the perspective of 
the MEFA, the data do not classify solid waste flows 
according to producer. Instead, they generally report 
just a single measure dubbed “municipal! solid waste”, 
which includes all solid waste collected by, or on be- 
half of, local municipalities and disposed of in local 
landfill sites. This aggregate comprises part or all of 
the solid waste generated from households, light in- 
dustrial and commercial establishments, office build- 
ings, public institutions and government operations. In 
the absence of information with which to disaggregate 
these flows according to producer, aggregate solid 
waste data are not suitable for use in the MEFA. 


e Waterborne waste data are weak for all sectors of the 
economy, particularly for sewage flows. Although 
some data exist on the quantities and composition of 
sewage treated in municipal sewage treatment plants, 
these data suffer from the same problem as the solid 
waste data described above. That is, the data do not 
detail the composition of the sewage, and they do not 
distinguish sewage flows according to producer. 


Data on the production of durable-good wastes are al- 
most entirely lacking. Although the possibility exists to 
model these waste flows using historical data on pur- 
chases of durable goods, this approach is currently 
unproven. 


° Data on leakages from waste inventories are inade- 
quate. Only some rather crude estimates have been 
made for methane emissions from landfill sites. Esti- 
mates of other gaseous emissions and liquid leach- 
ates from landfill sites are unavailable. 


Data on public sector waste production are almost en- 
tirely lacking. This includes data describing the wastes 
generated in government office buildings, those asso- 
ciated with the operation of public institutions (hospi- 
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tals, prisons, military bases, schools) and with the 
provision of government services (road building and 
maintenance, for example). 


A general shortcoming in the waste data that are avail- 
able, even those that are detailed and reliable, is that 
they do not exist as long time-series. It is rare to find 
waste data that extend further back in time than the 
mid 1980s; most begin in the 1990s. 


With respect to resource flows, the major shortcoming 
is the lack of data representing the flows of recycled 
materials. Although some data are available on the 
quantities of municipal solid wastes collected for recy- 
cling, again these data do not classify the wastes by 
producer. Data representing the quantities of waste 
materials collected for recycling outside of municipal 
recycling programs are not readily available at all. 


4.5 Future directions for the 


MEFA 


Although the MEFA in their current form represent a sound 
beginning at defining the material and energy flows associ- 
ated with the Canadian economy, they nevertheless repre- 
sent only a portion of all the flows that are of interest. 
Substantial future effort will be aimed at both improving the 
quality of the estimates currently incorporated in the ac- 
counts and at expanding their scope. To this end, work in 
the next few years will focus in the areas outlined below. 


96 


e Ata minimum, the material and energy flows currently 


measured in the accounts will be maintained. This will 
require annual updating of the series with new data as 
they become available. 


Beyond merely updating the existing estimates, there 
are several areas in which efforts will be made at im- 
proving the quality of these estimates. The estimates 
of non-carbon dioxide greenhouse gas emissions and 
non-survey based water and energy flows can be 
mentioned as areas deserving of further attention. As 
well, analysis of the National Pollutant Release Inven- 
tory is required to determine the extent to which the 
waste flows it measures are underestimated due to the 
survey method used by Environment Canada. 


Priorities for the development of new data include 
emissions of ozone depleting substances, solid 
wastes, and liquid wastes not covered by the NPRI 
(primarily those associated with municipal sewage). 
The possibility of adapting earlier versions of the /n- 
ventory of Common Air Contaminants to make them 
compatible with the 1990 inventory will be investigated 
as well. 


New sets of weights will be sought for use in aggregat- 
ing flows of disparate materials. The weights consid- 
ered for use will include unit damage costs associated 


with waste flows. These new weights will be used in 
the production of aggregate material and energy flow 
indicators along the lines of those described in Annex 
5.2 below. 


Longer-term goals include implementing the treatment 
of durable-good wastes proposed in 4.3.3, regionalis- 
ing the accounts to the provincial/territorial level, and 
elucidating the relationship between material and en- 
ergy flows and the other stocks and flows measured in 
the CSERA. 
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\nnex 4.1 
statistics Canada’s Input-Output 
\ccounts 


he accounting framework of Statistics Canada’s Input- 
Jutput Accounts is shown in Figure A4.1. Before describing 
ie elements of the framework, it is helpful to define several 
rms. 


ommodities, as defined in the input-output framework 
ind in the CSNA in general), are goods or services that are 
aded in the economy in exchange for money. Haircuts and 
utomobiles are both commodities for example. In contrast, 
dal in the ground is not a commodity; it must first be ex- 
acted and sold to qualify as such. It is worth emphasising 
lat a transaction must occur between a buyer and a seller 
r a particular good or service to be considered a commod- 
y in the Input-Output Accounts. This means that water 
umped directly from a lake for use in cooling an industrial 
rocess does not represent a commodity flow (because no 
ljoney exchanges hands as a result of its use). On the other 
and, drinking water bought at a supermarket does repre- 
snt a commodity flow, by virtue of the market transaction 
iat takes place when it is bought. Thus, the same material 
vater in this case) can be both a commodity and a non- 
ommodity depending upon the circumstances of its use. 


idustries are groups of establishments producing the 
ame or similar goods or services for sale on the market 
ith the intention of generating profit. All the establishments 
| Canada that produce cars and trucks, for example, are 
rouped together to form the motor vehicle industry. All in- 
ustries, when taken together, comprise what is known as 
ie business sector. Crown corporations that behave es- 
antially like private enterprises, such as VIA Rail, are con- 
dered to be part of the business sector. Other public 
stitutions (hospitals, schools, universities) that receive the 
lajor part of their funding from government and that do not 
perate with a profit motive are not considered part of the 
usiness sector (they are treated as part of the government 
=ctor instead). 


ersons are defined as private citizens! in their role only as 
onsumers of goods and services; persons are not consid- 
red to produce commodities. 


jovernments are defined as either federal, provincial or 
lunicipal public administrations and the related services 
ley offer. These include defence, construction and mainte- 
ance and operation of public infrastructure (roads, sewage 
eatment plants, airports), the provision of social services 
lealth, education and welfare) and municipal services 
now clearing, waste collection, etc.). 


inal consumption is said to have occurred when a com- 
\odity is consumed in such a way that it is no longer avail- 
ble for further transformation by a domestic industry. 


The personal sector is also defined also to include non-profit organisations 
(religious groups, labour unions and social clubs for example). 
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Several categories of final consumption (or final demand as 
it is also Known) are defined in the framework. 


* Personal expenditure is defined as the expenditures 
on goods and services by persons (private citizens 
and non-profit organisations). These expenditures are 
considered final because a commodity purchased by, 
for example, a household is no longer available to in- 
dustry for further transformation. 


Fixed capital formation is defined as expenditure on 
goods with operating lives of more than one year. This 
includes expenditures on machinery and equipment 
as well as expenditures on built infrastructure (build- 
ings, roads, dams, pipelines, etc.). Such expenditures 
are considered final because capital goods are not 
themselves the subject of further transformation in the 
economy. Rather, the services they provide act as in- 
puts into the transformation of other materials.2 Fixed 
capital formation is classified according to the sector 
undertaking the expenditure (business or government) 
and type of good (machinery/equipment or construc- 
tion). 


° Net additions to inventories measure the value of 
semi-finished and finished goods added to inventories 
held by businesses less the value of those withdrawn 
during a year.° Goods added to inventories represent 
final consumption, because they are no longer availa- 
ble for further processing. Goods removed from inven- 
tories and put back into production act as a source of 
domestic supply and, therefore, represent negative fi- 
nal consumption (because they are a source of com- 
modities to the domestic economy rather than a 
consumer of domestically produced commodities). 


¢ Government current expenditure is defined as the 
expenditure of all levels of government on current ac- 
count for goods and services. (Capital expenditures of 
governments are included as part of fixed capital for- 
mation.) These expenditures are classified according 
to four purposes: education, health, defence and “oth- 


a 


Clr: 


¢ Exports measure the sales of Canadian goods in for- 
eign countries. Because goods that are exported are 
no longer available for further transformation in the do- 
mestic economy, exports are considered final con- 
sumption (although the exported goods may undergo 
further processing in the importing country). 


e Imports are the expenditures on foreign-produced 
goods and services by Canadians. Just like withdraw- 
als from inventories, imports are a form of negative fi- 
nal demand because they compete with the output of 
domestic industries rather than consuming this output. 


2. These services are not treated as final consumption in the Input-Output 
Accounts, but as current consumption of businesses. They are measured 
as capital consumption allowances. 

3. Note that changes in the value of inventories due to price changes are not 
included in the Input-Output Accounts. 
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Figure A4.1 i 
Statistics Canada’s Input-Output Accounting Framework 
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Lower case italicised letters indicate vectors or scalars; upper case italicised letters indicate matrices. 


The elements of the framework are defined as follows: 
matrix V, the make matrix, shows the value of the commodities produced by industries; 
matrix U, the use matrix, shows the value of commodities purchased by industries; 


matrix F, the final demand matrix, shows the value of the commodities purchased by the various categories of final demand category; this matrix comprises six sub-matrices and sub-vectors: 
matrix H shows the value of personal expenditures of persons and non-profit organisations on commodities; 


matrix K shows the value of fixed capital formation; 
vector i shows the value of net additions of goods to inventories; 
matrix G shows the value of gross government current expenditures on commodities; 


vector x shows the value of commodity exports (including exports of previously imported goods); 


vector m shows the value of commodity imports (note that the values in this vector are negative, as commodity imports represent negative final demand); 


matrix YI shows the value of primary inputs (labour and capital) used by industries; 


matrix YF shows the value of primary inputs (labour and capital) used by final consumers (persons and governments); 
vector g, the commodity output vector, shows the total value of commodities purchased by industries and final consumers; elements in this vector are formed from the row summations of 


matrices U and F; 


vector g, the industry output vector, shows the total value of each industry's production; elements in this vector are formed from the column summation of matrix V; 
vector n shows the total value of primary inputs used in the economy (the sum of this vector is the income-based estimate of Gross Domestic Product); 
vector e shows the total value of final expenditures in the economy (the sum of this vector is the expenditure-based estimate of Gross Domestic Product); 


vector q is the transpose of vector gq; 
vector g' is the transpose of vector g. 
Source: 

Modified from Statistics Canada (1987). 


Having defined these terms, the structure of the accounting 
framework presented in Figure A4.1 can now be described. 


First, it is important to recognise that Figure A4.1 is a collec- 
tion of matrices, vectors and scalars; each italicised letter 
(or group of letters) in the figure represents one of the three. 
To help the reader distinguish among these elements, vec- 
tors and scalars are labelled with lower case italicised let- 
ters and matrices with upper case italicised letters. A 
“prime” on a vector or matrix label (q for example) simply 
indicates that the element is the transpose of another ele- 
ment found elsewhere in the framework. The dimensions of 
any vector or matrix can be determined by consulting the 
row and column headings to the left and above the element. 
The dimensions of matrix U, for example, are found to be 
m x n using this method. 


The number of commodities in the framework is represent- 
ed by the variable “m”, where m is either 627, 485, 100 or 
49 depending upon the level of aggregation of the accounts. 
Every good and service sold in the Canadian economy is 
represented among these m commodities, regardless of the 
value of m. The higher the value of m, the greater the detail 
with which commodities are represented in the framework. 
At the most detailed level (m=627), the framework distin- 
guishes 22 different agricultural commodities; these same 
22 commodities are collapsed into just two at the least de- 
tailed level (m=49). 


The number of industries in the framework is represented 
by “n’, which takes values of 216, 161, 50 or 16 depending 
upon the level of aggregation of the accounts. As with com- 
modities, the n industry groups are defined to represent 
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every industry in the economy. At the most detailed level of 
lhe framework, where the business sector is divided into 
216 industries, the detail is substantial. Mining, for example, 
S split into 11 different industries at this level. In contrast, all 
mining activity is grouped into a single industry at the high- 
est level of aggregation (n=16). 


There are “f’ categories of final demand represented in Fig- 
ure A4.1, where fis either 136, 28 or 14 depending upon the 
evel of aggregation of the accounts. Depending on the val- 
ue of f, the various categories of personal expenditure make 
up one third to one half of the final demand categories (rep- 
resented by “h” in Figure A4.1). Another one half to two 
thirds (“k”) of the final demand categories are various forms 
of fixed capital formation. The remaining categories are 
made up of imports, exports, inventory changes (all of which 
are uni-dimensional) and government consumption (of 
which there are “g” categories). 


There are three principal matrices in the Input-Output Ac- 
counts: the make, use and final demand matrices. These 
are labelled V, U and F respectively in Figure A4.1. 


The make matrix, V, (dimensions m x n) displays the value 
of each commodity produced by each industry during a giv- 
en year. Summation of this matrix across all commodities 
(that is, along each row) yields the total value of output by 
each industry, which is represented by vecior g in the 
framework. 


Industries must of course purchase inputs in order to pro- 
duce their outputs. The values of industrial inputs (referred 
fo as intermediate inputs) are recorded in the use matrix, U 
(dimensions m x n). Matrix U displays the value of each in- 
Justry’s intermediate use of each commodity during a given 
year. 


The final demand matrix, F (dimensions m x f), records the 
values of commodities purchased for final consumption. As 
described above, final consumption includes several cate- 
gories of expenditures. These are labelled in Figure A4.1 as 
follows: 


¢ matrix H (dimensions m x h) - expenditures of persons 
and non-profit organisations and institutions; 


¢ matrix K (dimensions m x k) - expenditures on fixed 
capital formation; 


¢ vector i (dimensions m x 1) - value of physical changes 
(additions and withdrawals) in inventories; 


* matrix G (dimensions m x g) - government current ex- 
penditures on goods and services; 


* vector x (dimensions m x 1) - exports; and 


* vector m (dimensions m x 1) - imports. 


All commodities produced in the economy must, by defini- 
tion, be consumed either as intermediate inputs or for final 
consumption. Thus, summation of matrices U and F across 
industries and final consumers respectively (that is, across 
their rows) yields the total value of commodity production 
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during the year. This summation, which is represented in 


the framework by vector g, can be expressed algebraically 
as: 


DME Mat 2a") Eq. A4.1 
n f 


The Input-Output Accounts also record the primary inputs 
(taxes and subsidies, labour, and profits) purchased by 
businesses, persons and governments.! The value of each 
of these inputs purchased annually by businesses is record- 
ed in matrix Y/ (dimensions p x n). Final consumption of pri- 
mary inputs by persons/non-profit organisations and 
governments are recorded in matrix YF (dimensions p x f). 


Summation of matrices Y/ and YF across industries and fi- 
nal consumers (that is, along each row) yields a fundamen- 
tal measure of the CSNA: total income of each factor of 
production in the economy (recorded as vector n). The sum- 
mation of this vector, in turn, yields the widely used aggre- 
gate economic indicator known as GDP. Because this 
estimate of GDP derives from the sum of all incomes in the 
economy, it is referred to as the “income-based” estimate of 
GDP. Total income is, by definition, equivalent to total ex- 
penditure (one person’s gain is another person’s expense), 
so it is also possible to estimate GDP by summing all final 
expenditures in the economy. Vector e represents this sum- 
mation by category of final demand (that is, down the col- 
umns of matrices F and YF). The. expenditure-based 
estimate of GDP is equal to the summation of vector e. 
These relationships can be expressed algebraically as fol- 
lows: 


Sit Yaa Eq. A4.2 
n f 
SI YF+y Fae Eq. A4.3 
p m 
Ye= yn Eq. A4.4 
ye = GDP (expenditure based) Eq. A4.5 
ya = GDP (income based) Eq. A4.6 


1. It may be unusual for some readers to think of profits (or the return to cap- 
ital) and taxes as inputs. To national accountants these are charges 
against income just the same as material inputs and therefore are treated 
as inputs in the national accounts. 
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Annex 4.2 
Technical details of MEFA 
indicators 


This annex provides technical details of the derivation of the 
indicators presented in Text Box 4.1 in the introduction to 
this chapter (and repeated below). Most of these indicators 
are based on a version of Statistics Canada’s input-output 
model. Because this model figures so centrally in the indi- 
cators, it is derived first before discussing the indicators 
themselves. 


Text Box 4.1 
Resource and Waste Indicators 
developed from the MEFA 


resource intensity of industrial by industry 


resource intensity of household consumption 


resource intensity of net exports 


waste intensity of industrial output 


waste intensity of final domestic consumption 


waste intensity of net exports 


renewable energy as a proportion of total energy 
production 


recycled proportion of total resource use 


A4.2.1 Statistics Canada’s input-output 
model 


Using data arranged according to the standard input-output 
accounting framework shown earlier in Figure A4.1, it is 
possible to define an input-output model that determines in- 
dustrial output as a function of final consumption and two 
structural input-output relationships defined for a base year. 
These relationships define the input requirements of each 
industry and the allocation of commodity production among 
industries. 


The assumption made regarding industrial input require- 
ments is that the value of each input used by an industry in 
the base year is fixed in linear proportion to the total value 
of the industry’s production in any year. Given this assump- 
tion, the relationship between inputs and production (the so- 
called production function) for each industry can be stated 
in matrix form as follows: 


>U = Bg Eq. A4.7 
Cc 
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where: 


ae, represents the summation of the commodity 
Cc 

use matrix (U) over all commodities for each indus- 

try (that is, the total value of commodity inputs by 

industry); 


g is the vector of industrial output; and 


matrix B (dimensions m x n) is a matrix in which an 
element, bj, is defined to represent the annual val- 
ue of commodity / purchased per unit value of out- 
put of industry /. 


Elements in matrix B are referred to as technical coefficients 
and are calculated as: 


ba Eq. A4.8 


where: 


uj is an element of the commodity use matrix (U) 
representing the annual value of commodity / pur- 
chased by industry /; and 


gj is an element of vector g representing the value 
of the total output of industry j. 


Regarding the allocation of commodity production among 
industries, it is assumed that each industry’s observed 
base-year market share for each commodity is preserved 
regardless of the level of commodity output. Given this as- 
sumption, the relationship between commodity output and 
industrial output can be stated in matrix form as follows: 


g = Dg Eq. A4.9 


where vector g is the industrial output vector, vector q is the 
commodity output vector, and 


matrix D (dimensions n x m) is a matrix in which an 
element, d., is defined to represent the share of 
the total domestic output of commodity /held by in- 
dustry /. 


Elements in this matrix, referred to as market share coeffi- 
cients, are calculated as: 


dio Eq. A4.10 


where v;is an element of the make matrix (V) representing 
the value of commodity / produced by industry / and q;is an 
element of vector gq representing the value of the total do- 
mestic output of commodity /. 


One final element is required before the model itself can be 
derived; this is an accounting expression of the balance be- 


Linking the Environment and the Economy 


Material and Energy Flow Accounts 


tween the total annual supply of commodities (from domes- 
tic production plus imports) and the annual consumption of 
these commodities by industries and the various categories 
of final consumption: 


q+m= SU+S(H+K+i+G+x) Eq. A4.11 
c f 


The model can now be derived in two steps. Substitution 
first for $’U in Eq. A4.11 from Eq. A4.7 yields: 
Cc 


q = Bo+f+x-m Eq. A4.12 


where f = )\(H+K+i+G) 
f 


Next, substitution for q from Eq. A4.9 into Eq. A4.12 yields 
Eq. A4.13, which upon rearrangement yields the desired 
model (Eq. A4.15): 


Dq = g = DBg+ D(f +x-—m) Eq. A4.13 
g(!- DB) = D(f +x-m) Eq. A4.14 
g = (I-DB)-'D(f + x-m) Eq. A4.15 


The model specifies industry output (vector g) in terms of 
the market share and technical coefficient matrices (D and 
B respectively) and the various elements of final consump- 
tion. Matrices D and B are both easily derived using base- 
year input-output data organised according to the account- 
ing framework presented in Figure A4.1. Once these fixed 
coefficient matrices are calculated, Eq. A4.15 can be used 
to estimate the value of output required from each industry 
to meet any specified level of final consumption net of im- 
ports. 


The portion of the model that incorporates the fixed input- 
output relationships (that is, matrices D and B) is known as 
the commodity impact matrix (/Mc): 


IMo = (I- DB)"'D Eq. A4.16 


Elements of this n x m matrix, IM ip are referred as com- 
modity impact coefficients. They represent the value of out- 
put required from industry / (the “impact” on industry /) in 
order to supply one unit of commodity / for final consump- 
tion. 


This matrix has an important property that is made use of in 
the development of the resource and waste indicators be- 
low. This is the ability to capture both the direct and indirect 
impacts of final consumption on industrial output. An exam- 
ple is best used to iliustrate this property. Consider the pur- 
chase of a domestically produced automobile by a final 
consumer. This purchase requires, of course, that the auto- 
mobile industry produce the car. This activity is a direct im- 
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pact of the automobile purchase, because it is induced in 
the industry directly responsible for producing the car. Be- 
yond this direct impact on the automobile industry, a cas- 
Cading series of secondary, or indirect, effects are created 
for other industries as well. The steel industry, for example, 
must produce steel to sell to the automobile manufacturer. 
lron mines must, in turn, extract iron ore to sell to the steel 
manufacturer. All three of these industries require fuel and 
electricity in their processes, which they must purchase 
from the energy industries. Energy producers themselves 
require inputs from other industries, which require inputs 
from still more industries. It is easy to see how the demand 
for just one automobile sets in motion a long chain of inter- 
related, indirect industrial effects. 


The nature of the commodity impact matrix is such that it 
captures all the direct and indirect industrial impacts of each 
commodity purchased by final consumers. That is, each 
column of commodity impact coefficients in this matrix 
shows the value of output required from each industry— 
whether directly or indirectly—in order to deliver one unit of 
a given commodity to final consumers. 


When post-multiplied by a vector of final consumption, this 
matrix yields an estimate of the total industrial production 
required to meet the level of consumption specified by the 
vector. If, for example, the commodity impact matrix is mul- 
tiplied by a vector representing the final consumption of 
households, the result is an estimate of the value of indus- 
trial production required to supply the goods and services 
purchased by households. Multiplying the matrix by a vector 
of commodity exports yields an estimate of the value of pro- 
duction devoted to meeting the demand for Canadian prod- 
ucts from abroad. If a vector measuring imports rather than 
exports is used, the result is an estimate of how much do- 
mestic production is lost to foreign producers as a result of 
our imports. | Multiplying the commodity impact matrix by a 
vector of final consumption comprising all the elements of 
the final demand matrix, as in Eq. A4.15, yields the total val- 
ue of industrial output (that is, vector g). 


The commodity impact matrix specified in Eq. A4.16 can be 
easily transformed into an industry impact matrix (/M)) by 
eliminating the post-multiplication by matrix D from Eq. 
A4.16: 


IM, = (1- DB)" Eq. A4.17 


Elements of this n x n matrix, imj;, are referred to as industry 
impact coefficients. They represent the value of output re- 
quired from industry /(the “impact” on industry /) required for 
the production of one unit of output from industry j.2 As just 


1. The assumption here is that domestic production capacity exists for the 
imported commodities. There are a few commodities however, referred to 
as non-competing imports, for which no domestic production capacity 
exists. These are mainly tropical fruits and other agricultural products that 
cannot be grown in the Canadian climate. Obviously, no domestic produc- 
tion is displaced by importation of non-competing imports. For all other 
commodities, it is assumed that Canadian capacity exists to produce the 
identical commodity or an appropriate substitute. 
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described for the commodity impact matrix, the industry im- 
pact matrix captures both direct and indirect impacts of a 
unit of industrial production. That is, each column of industry 
impact coefficients in this matrix show the value of output 
required from each industry—whether directly or indirectly— 
in order to produce one unit of output from a given industry. 


Having presented and discussed the basic input-output 
model and associated impact matrix, the discussion now 
turns to the derivation of the resource and waste indicators. 


A4.2.2 Resource intensity of industrial 
output 


Concept 


The first indicator listed in Text Box 4.1 is resource intensity 
of industrial output. This is defined as the annual resource 
use (measured in physical units) per unit value of output for 
each industry defined in the MEFA framework. Two compo- 
nents of resource use are measured in this indicator. First, 
there are the resources consumed directly in the production 
processes of a given industry. In addition to this direct re- 
source consumption are the resources “embodied” in the 
commodities that the industry uses as inputs to its produc- 
tion processes. The latter represent the industry’s indirect 
resource consumption. Although not directly consumed by 
the industry, embodied resources are implicitly associated 
with its production and therefore must be included in the in- 
dicator. It should be noted that it is not just the resources 
embodied in domestic commodities used by the industry 
that are measured in this indicator, but also those embodied 
in its imported inputs. The latter cannot be neglected. To do 
so would be to present an incomplete picture of industrial 
resource intensity. For example, if there was an increasing 
tendency by an industry to purchase resource-intensive in- 
puts from foreign suppliers, it would be misleading to allow 
this trend to indicate a reduction in the industry’s resource 
intensity over time. Yet this is exactly what would happen if 
the embodied resources in foreign-supplied inputs were ne- 
glected in the indicator. 


The possibility of weighting disparate material flows to allow 
their aggregation was discussed in the Introduction to this 
chapter. Currently, weights that would allow this do not ex- 
ist.! In the absence of such weights, it is not possible to sum 
all resource flows to arrive at a single, aggregate indicator 
of the resource intensity of output. For this reason, not one 
but several resource intensity indicators are developed from 
the MEFA, and they are limited to those resources that can 
be meaningfully aggregated without need for weights: 


* energy intensity by industry; 


¢ water intensity by industry; and 


. In fact, the commodity impact coefficients calculated in Eq. A4.16 are sim- 
ply weighted averages of the industry impact coefficients, with 
market-share coefficients (matrix D) used as the weights. 

. To date, the focus of the scientific community has been the development 
of weights for waste materials. 


ne) 


oh 


¢ wood intensity by industry. 
Derivation 


The first step in the derivation of the indicators of resource 
intensity of industrial output is to define direct energy, water 
and wood intensity coefficients for each industry. These can 
be expressed as: 


Gi, aes Eq. A4.18 


a, is a1 xn vector of industrial direct resource in- 


tensity coefficients for energy, water or wood in 
which elements, a, , represent the annual quanti- 


ty of resource x (x € energy, water, wood) used di- 
rectly per unit value of output by industry /; 


vector U;y, is a row taken from the industrial re- 


source use matrix representing the quantities of 
energy, water or wood used by each industry in a 
given year; and 


vector g' is the 1 x n row vector of industrial output 
defined to be the transpose of vector g. 


The next step in the derivation is to pre-multiply the industry 
impact matrix (/M,) defined in Eq. A4.17 with vectors of in- 
dustrial direct resource intensity coefficients for energy, wa- 
ter and wood: 


a,(1- DB)" Eq. A4.19 


Recalling that the industry impact coefficients derived from 
Eq. A4.17 measure the value of output from industry / re- 
quired for the production of one unit of output from industry 
j, and that they capture both direct and indirect industrial im- 
pacts, it can be shown that Eq. A4.19 is sufficient to derive 
the desired resource intensity indicators. 


First of all, the coefficients that result from Eq. A4.19 meas- 
ure both direct and indirect resource use per unit of output 
for each industry. That this is so can be shown with a simple 
three-industry example using energy as the resource: 


EE ea Hea] nia eyes 7 [ey iy Figg Np y Cag! has 


Space permits only a portion of this matrix multiplication to 
be shown, but this is sufficient to illustrate the result. The im, 
coefficients represent the output required from industries 1 
through 3 per unit of production from industry 1. The a, co- 
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efficients represent the direct use of energy per unit of out- 
put from industries 1 through 3. Multiplication of these two 
sets of coefficients (following standard rules of matrix multi- 
plication) yields the following sum: the use of energy per 
unit of output of industry 1 due to industry 1’s impact on it- 
self (that is, industry 1’s direct energy use) plus the indirect 
use of energy per unit of output of industry 1 due to industry 
1’s impact on industry 2 plus the indirect use of energy per 
Unit of output of industry 1 due to industry 1’s impact on in- 
dustry 3. The sum of these three elements is the total direct 
and indirect energy requirements per unit of output from in- 
dustry 1. The same result would be achieved for industry 2 
and 3 if the full multiplication were carried out. Thus, Eq. 
A4.19 satisfies the requirement that the indicators of re- 
source intensity of output capture both direct and indirect re- 
source use for each industry. 


The other major requirement of the indicator is that it cap- 
ture the indirect resource use associated with both domes- 
ic and imported inputs purchased by industries. The nature 
of. the industry impact matrix (/M,) is such that Eq. A4.19 
does this. This is because no allowance is made in the der- 
vation of the industry impact matrix for displacement of do- 
mestic production by imported commodities. That is, the 
matrix was specified as though Canada’s economy were 
closed to imports and all commodities were supplied do- 
mestically. This results in domestic industry impact coeffi- 
cients that are inflated to compensate for the missing 
imports, which in turn means that Eq. A4.19 results in indus- 
trial resource intensity coefficients that compensate for the 
reign resource consumption embodies in imported in- 
outs. 


One final point must be made with respect to Eq. A4.19: the 
industry impact matrix (/M;) must be specified in constant 
(or inflation adjusted) prices. This is so that the effect of in- 
lation on the value of industrial output is removed from the 
indicators, an adjustment that is very important if they are 
used to monitor changes in resource intensity over time. If 
the impact matrix were specified in current prices, the gen- 
eral upward trend in the value of output due to inflation 
would artificially force resource intensity downward over 
time. This would obscure the important movements in re- 
source intensity due to changes in technological and eco- 
nomic structure that the indicators are intended to measure. 
This point applies will equal force to all of the indicators de- 
scribed in this Annex that make use of monetary denomina- 
lors. 


1. tis important to recognise the assumption implicit in this method of esti- 
mating embodied foreign resource use. Foreign industries are assumed to 
have the same production functions as Canadian industries. That is, the 
resource requirements to produce one unit of a given industry’s output are 
assumed to be the same in Canada as they are in the nations with which 
we trade. The distortional effect of this assumption on the indicators !s 
moderated by the fact that some of our trading partners are likely to be 
more resource intensive than Canadian industries while others will be less 
so. Moreover, the bulk of Canadian foreign trade is with the United States, 
for which the assumption of similar resource intensities is reasonable. 
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A4.2.3 Resource intensity of household 
consumption 


Concept 


The next indicator listed in Text Box 4.1 is resource intensity 
of household consumption. This indicator is defined as the 
quantity of resources (measured in physical units) used per 
unit value of household consumption. The same set of three 
indicators defined above for industries are also developed 
for households: 


° energy intensity of household consumption; 
° water intensity of household consumption; and 


° wood intensity of household consumption. 


As was the case for industries, two categories of household 
resource use are included in these indicators: resources 
used directly by persons (drinking water and home heating 
fuel for example) and resources embodied in the commod- 
ities (both domestic and imported) that they purchase. 


Derivation 


The indicators of resource intensity of household consump- 
tion are derived by summing direct household resource use 
with indirect household resource use and dividing the sum 
by the total value of household consumption. Direct house- 
hold consumption of energy, water and wood is calculated 
by summing the appropriate rows from the household re- 
source use matrix (H,,,): ' 


direct household resource use = )'H,, Eq. A4.20 
A x 


where H,,, is a row from the household resource use ma- 
x 


trix representing the consumption of resource x 
(x € energy, water, wood ). 


Indirect resource use by households is calculated by taking 
advantage of the capacity of the commodity impact matrix 
(i/Mc) to capture the direct and indirect industrial impacts of 
each commodity purchased by final consumers. Just as 
premultiplying the industry impact matrix (/M)) by a vector of 
direct industrial resource coefficients yielded a measure of 
the direct and indirect resource intensity of industrial output 
in Eq. A4.19, premultiplying the commodity impact matrix 
(/Mc) by the same vector yields a measure of the direct and 
indirect resource intensity of commodity output: 


resource intensity of commodity output , = 
a.,(/- DB) 'D Eq. A4.21 
As noted above, post-multiplication of the commodity im- 
pact matrix with the vector of household consumption (H) 
yields an estimate of the industrial output required to supply 
the goods and services purchased by households. Similar- 
ly, post-multiplying Eq. A4.21 by the vector of household 
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consumption yields an estimate of the resources consumed 
by industries in supplying these same goods and services. 
This is the indirect resource use of households: 


indirect household resource use, = o,(/— DB) | DH Eq. A4.22 


Having defined measures of direct and indirect household 
resource consumption, the desired indicators of resource 
intensity of household consumption can be calculated as 
the sum of Eq. A4.21 and Eq. A4.22 divided by the total val- 
ue of household consumption: 


resource intensity of household consumption, = 


=f Eq. A4.23 
i EIS PB) (DE 
A 


2a 


As was the case with the indicators of resource intensity of 
industrial output, Eq. A4.23 estimates the indirect resource 
consumption of households associated with their consump- 
tion of both domestic and imported goods and services. 


A4.2.4 Resource intensity of net exports 


Conceptual issues 


The third indicator listed in Text Box 4.1 is resource intensity 
of net exports. This is defined as the annual quantity of re- 
sources required per unit value of Canada’s exports less the 
quantity of resources required per value of our imports. This 
indicator is a measure of the extent to which Canadians 
trade resources in association with our total international 
trade. As with the two indicators just discussed, this indica- 
tor includes both our direct imports and exports of resourc- 
es, as well as the indirect resource “imports” and “exports” 
embodied in the semi-finished and finished goods that we 
exchange with our trading partners. 


Again, three indicators of the resource intensity of net ex- 
ports are developed: 


* energy intensity of net exports; 
* water intensity of net exports; and 


¢ wood intensity of net exports. 


These indicators have positive values if Canada is a net ex- 
porter of resources in association with its international trade 
and negative values if the opposite is true. For example, if 
more water is required per unit of our exports (either directly 
or indirectly) than is required per unit of production for the 
commodities that we import, then the water intensity of our 
net exports will be positive. 


Derivation 


Resource intensity of net exports is calculated in the same 
manner as resource intensity of household consumption. 
Indirect resource use associated with the net exports is cal- 
culated by postmultiplying Eq. A4.21 with the vector of net 
exports (x - m). Direct net resource exports are calculated 
as the difference between the resource export vector (x;)) 
and the resource import vector (m,,,). The sum of direct plus 
indirect resource use associated with net exports is divided 
by the total value of net exports to arrive at the desired indi- 
cator: 


resource intensity of net exports, = 


(Xu — My) + 0,(1- DB) | D(x m) 


Si(x—m) 
(0) 


ruy 


Eq. A4.24 


A4.2.5 Waste intensity indicators 


The same three indicators that have just been discussed 
with respect to resources are also developed for waste 
flows: 


¢ waste intensity of output by industry; 
¢ waste intensity of household consumption; and 
¢ waste intensity of net exports. 

Concept 


The concepts surrounding the waste intensity indicators are 
identical to those already discussed for the resource indica- 
tors and will not be repeated. It is necessary however to 
mention the specific waste categories for which each of the 
above indicators is developed: 


* greenhouse gases (carbon dioxide, methane and ni- 
trous oxide); 


e acid rain-causing gases (oxides of sulphur and nitro- 
gen); 


¢ ozone depleting substances (chlorofluorocarbons, 
halons, carbon tetrachloride and trichloroethane); and 


¢ nutrient wastes (nitrogen and phosphorus). 


Scientifically proven weights have been developed that al- 
low the waste flows associated with each of the above cat- 
egories to be weighted and aggregated into single values 
that can be used in the development of indicators (see, for 
example, the discussion of global warming potential in Sec- 
tion 4.2 earlier in this chapter). 


Derivation 


Waste intensity of output by industry - The derivation of 
these indicators is essentially identical to that of the corre- 
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sponding resource use indicators (Eq. A4.19). The only dif- 
erence is that the direct resource use coefficients (a, ) are 
eplaced with direct waste output coefficients: 


waste intensity of industrial output, = B,(/-DB)-' Eq. A4.25 


where B, is a vector of industrial direct waste output inten- 
sity coefficients in which elements, B, , represent the annu- 
al quantity of aggregate waste x (xe greenhouse gases, 


acid gases, ozone depletors, nutrients) produced directly 
er unit value of output from industry /. 


Naste intensity of household consumption - Again, the 
Jerivation of these indicators is identical to that of the corre- 
sponding resource use indicators (Eq. A4.23). The only 
changes are the substitution of vector B, (as just defined) 


or vector a, , and the substitution of the matrix of house- 


1old waste production (H,,p) for the matrix of household re- 
source use (H,,)): 


waste intensity of household consumption, = 


=i 
Dye thx 08) DH 
WO ES 


a 


Eq. A4.26 


Waste intensity of net exports - These indicators are also 
Jerived following their resource-use equivalents (Eq. 
44.24), with the substitution of vector 8, for vector a, and 


of the vectors of waste imports (my) and exports (X,,,) for 
he vectors of resource imports and exports: 


waste intensity of net exports, = 


=} 
x“. = Mwu,) +B,(/—DB) D(x-m) 


d(x-m) 
c 


Wu, 


Eq. A4.27 


A4.2.6 Renewable energy as a 
proportion of total energy 
production 


Concept 


>The next indicator defined in Text Box 4.1 is defined as the 
ercentage of total Canadian energy production ina year 
hat comes frorn renewable sources. Renewable energy !s 
Jefined to include hydroelectric power, other renewable 
‘orms of electric power (wind, tidal, solar), biomass (wood 
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and wood wastes and other biomass wastes), and solar en- 
ergy consumed directly for heating purposes. 


The renewable share of total energy production is consid- 
ered an important indicator of sustainability for two reasons. 
First, by definition the environment cannot indefinitely sup- 
ply non-renewable energy sources and, therefore, the only 
sustainable energy path in the long-run is conversion to re- 
newable sources. Of more immediate concern is the fact 
that the environment’s capacity to absorb the waste materi- 
als associated with fossil fuels (which are the main non-re- 
newable energy source today) has already been exceeded 
with a number of well-known negative consequences: acid 
rain, urban smog and climate change to name a few. Given 
that renewable sources produce less (or none) of these 
wastes per unit of energy than non-renewable fossil fuels, ' 
environmentally sustainable energy consumption again 
points toward conversion to renewable sources. 


Derivation 


Renewable energy as a proportion of total energy produc- 
tion is calculated as the sum of renewable energy produc- 
tion by industries, households and governments divided by 
their total energy production (renewable and non-renewa- 
ble): 


renewable share of total energy production = 


Dn: ae Ses. 
n g 
De Vide * Ap,» * » Sroi. 
n h g 


Eq. A4.28 


where: 


on : se 


columns of the industrial, household and govern- 
ment resource production matrices in which the 
production of renewable energy commodities are 
recorded; and 


and G,p_ represent, respectively, the 


V pie! Fry, 


columns of the industrial, household and govern- 
ment resource production matrices in which total 
energy production is recorded. 


and Grp, represent, respectively, the 


_ Recent studies indicate the possibility that flooding of land associated with 
hydroelectric reservoirs may result in significant greenhouse gas emis- 
sions. This suggests that the conversion to this form of renewable energy 
may not be as environmentally sustainable as once thought. 


ak 
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A4.2.7 Recycled proportion of total 
resource use 


Concept 


The final indicator remaining to be discussed is the recycled 
proportion of total resource use. This indicator is defined as 
the proportion of annual industrial resource use that is met 
by recycled waste materials. 


Of course, not all resources are recyclable and of those that 
are technically recyclable, not all are currently recycled. For 
some resources recycling is technically impossible, either of 
the materials do not lend themselves to being recycled (en- 
ergy commodities for example) or because the way in which 
they are used renders them too difficult or too costly to re- 
cover (most non-metallic minerals fall into this category). 
Other resources are of such low value and/or are so abun- 
dant that there is no economic incentive for their recycling. 
For these reasons, recycling indicators are developed only 
for the following resources: 


¢ ferrous metals; 

¢ aluminum; 

¢ other nonferrous metals; 

° water; and 

¢ wood fibre. 
Derivation 


This indicator is calculated as a simple ratio between recy- 
cled use and the sum of recycled plus virgin use for each of 
the resources listed above: 


recycled proportion of total resource use, = 


recycled 
Yr, 
n 


sy Oa = Sy ee 
3 : Eq. A4.29 


led 
where SUNY" represents the sum of recycled waste 
x 
n 


material x used by all industries (xe ferrous metal, alumi- 
virgin 


num, nonferrous metal, water, wood fibre) and S°U_,, 
x 
n 


represents the use of resource x in virgin form by all indus- 
tries. 
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5 Environmental 
Protection Expenditure 
Accounts 


Introduction 


The Environmental Protection Expenditure Accounts 
EPEA) are the final component of the environmental and 
esource accounts described in this volume. The EPEA 
resent an annual time-series of current and capital expen- 
jitures on environmental protection. The starting date of the 
ime-series varies by expenditure category; the majority 
sommence in the early 1970s or 1980s, although some se- 
ies extend back to the mid-1960s. Expenditure estimates 
are presented at the national level and for each province/ 
erritory. 


[he EPEA comprise three accounts, one for each sector of 
he economy: 


e household expenditures on environmental protection; 


¢ government current and capital expenditures on envi- 
ronmental protection, plus intergovernmental and in- 
tersectoral government transfer payments; and 


¢ business capital and operating! expenditures on envi- 
ronmental protection. 


Nhere possible, capital expenditures are distinguished 
rom current expenditures, and transfer payments are re- 
orted separately from other expenditures. 


5.1 Rationale, uses and linkages 


=nvironmental protection expenditures, sometimes referred 
oO as “defensive expenditures,”> are one measure of socie- 
y’s response to the negative environmental effects of eco- 
1omic activity. They represent the financial contribution of 
sach sector to preventing and limiting these impacts. Such 
neasures are of interest for several reasons. 


* By definition, environmental protection expenditures 
represent outlays that yield no immediate economic 
benefits. Consequently, it is useful to distinguish them 


|. The use of “operating expenditures” in the business account is synony- 
mous with the use of “current expenditures” elsewhere in the EPEA. Oper- 
ating expenditures is standard terminology when discussing business 
activities. 

2. The term “defensive expenditure” is used in the literature to describe an 
expenditure undertaken to maintain a given level of welfare or to defend 
against a decline in welfare. All other expenditures are assumed implicitly 
to be welfare-enhancing. 
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from other expenditures when analysing economic 
growth. 


¢ Environmental protection expenditures are costly and 
may divert funds from other uses. They thus impose a 
financial burden on the economy that should be meas- 
ured. To the extent possible, this burden should be 
compared to the benefits gained in terms of a lessen- 
ing of the impact of economic activity on the environ- 
ment. 


Environmental protection expenditures show, from a 
demand-side perspective, the contribution of environ- 
mental protection activities to Canada's economy. 
Considered another way, they represent the size and 
characteristics of the Canadian demand for goods and 
services produced for environmental protection pur- 
poses. The nature of this demand has been the sub- 
ject of considerable interest in recent years, as 
innovative solutions to environmental problems can 
create valuable markets for Canadian firms, both do- 
mestically and abroad. 


Although it is tempting to view environmental protection ex- 
penditures as an indicator of environmental commitment, 
this interpretation is not always valid. The environment can 
be protected in many ways, not all of which result in identi- 
fiable and measurable “environmental protection” expendi- 
tures. For example, although new technologies often have 
significant environmental benefits, investments in these 
technologies are most likely to be justified on economic 
grounds and thus not considered “environmental protection 
expenditures” by businesses. This problem and the difficul- 
ties it poses for the measurement of environmental protec- 
tion expenditures are discussed more fully in Section 5.2.1. 


5.1.1 Uses 


The EPEA serve a number of uses. Most obviously, they 
represent a means of measuring the financial cost associat- 
ed with compliance with Canadian environmental regula- 
tions and conventions. Some would argue that this cost 
represents the price of maintaining environmental “well-be- 
ing” and that, as such, it should not be included in the value 
of economic output as measured by GDP. Environmental 
protection expenditures should be excluded, they would ar- 
gue, on the grounds that they do not contribute to welfare, 
but simply prevent its decline. The EPEA have been devel- 
oped, at least in part, to provide those who might be inter- 
ested in calculating an environmentally-adjusted GDP 
along these lines with the information necessary to do so. 


For its part, Statistics Canada uses the EPEA to produce a 
set of environmental protection expenditure indicators. 
These indicators represent the expenditures necessary to 
prevent or to reduce environmental degradation associated 


3. This is not to say that environmental protection expenditures do not have 
longer-term economic benefits, or that they do not have immediate non- 


economic benefits. 
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with economic activity. They currently focus on the subset 
of environmental protection expenditures represented by 
the pollution abatement and control expenditures of govern- 
ments and businesses: 


¢ consolidated total government expenditures on pollu- 
tion abatement and control, 1970/71-1994/95; 


* non-consolidated government expenditures on pollu- 
tion abatement and control by level of government, 
1970/71-1995/96; 


° government capital and repair expenditures for pollu- 
tion abatement and control, 1985-1995; and 


* business capital and repair expenditures for pollution 
abatement and control, 1985-1995. 


In addition there are other environmental protection expen- 
ditures made by businesses. As the scope of the EPEA ex- 
pands in the future, the range of indicators produced will 
expand in step. 


5.1.2 Linkages 
Other components of the CSERA 


A relationship exists in theory between the production of 
wastes measured in the Material and Energy Flow Ac- 
counts (Chapter 4) and the expenditures on pollution abate- 
ment and control measured in the EPEA; expenditures on 
equipment to abate pollution should result in measurable 
reductions in waste emissions. Although this relationship 
exists in theory, no attempt has yet been made to quantify 
it by explicitly linking these two accounts. More is said on 
this point in Section 5.7.3. 


International linkages 


As mentioned in Chapter 2, many countries have undertak- 
en the development of environmental protection expendi- 
ture accounts. Surveys on environmental protection 
expenditures are conducted by industrial associations in 
Austria, Germany and the United Kingdom. National statis- 
tical offices lead similar work in most other nations of the 
European Community. Austria, Germany, the Netherlands 
the United States and Japan have conducted their surveys 
regularly since the 1970s.' Australia began a regular survey 
in 1990. 


Along with the work in individual countries, several interna- 
tional organisations are also contributing to developments 
in this field. Environmental protection expenditure accounts 
are main components of both the United Nations’ SEEA and 
the European Community’s European System for the Col- 
lection of Economic Information on the Environment (SE- 
RIEE) (Eurostat, 1994a and 1994b).2 As well, the 
Organisation for Economic Cooperation and Development 


1. The United States has recently announced that it will no longer conduct its 
survey on a regular basis. 
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(OECD) has developed a pollution abatement and control 
survey that it uses to collect information from member coun- 
tries. A question on “nature” protection expenditures has 
been introduced for the 1996 version of this survey. 


The framework for Statistics Canada’s EPEA borrows from 
the work of many of the countries and organisations men- 
tioned above. In particular it has been inspired by Eurostat’s 
SERIEE model. 


5.2 Classification issues 


Classification of environmental protection expenditures 
poses serious conceptual and practical challenges. Simply 
defining these expenditures in such a way that an outlay 
can be unambiguously classified as an environmental pro- 
tection expenditure, or not, is a major challenge. Two ap- 
proaches to solving this problem, one purpose-based and 
the other technology-based, are described below. Following 
this, the definition of environmental protection expenditures 
adopted in the EPEA—a modified version of the purpose- 
based criterion—is presented. 


Another major conceptual challenge is the classification of 
expenditures according to economic sector. Much effort has 
been devoted by practitioners in the field to clarifying this is- 
sue. Section 5.2.2 describes the principles resulting from 
this effort and their application in the EPEA. Classification 
of environmental protection expenditures by environmental 
domain (that is, the part of the environment that is protect- 
ed) is discussed in Section 5.2.3. 


The practical difficulties faced in classifying environmental 
protection expenditures are mainly the result of data gaps 
and inconsistencies. These are noted further below in the 
discussions of the data sources and methods used for each 
of the sectoral accounts. 


5.2.1 Classification of expenditures 


There are two main approaches to measuring the cost of 
environmental protection. The first approach is to ask or- 
ganisations how much they spend for the purpose of envi- 
ronmental protection. The second approach focuses on 
technology; organisations having made new investments 
with an environmental protection component or impact are 
asked to evaluate their costs against a “dirty” benchmark 
technology. Any positive cost differential is labelled an “en- 
vironmental protection expenditure,” regardless of the actu- 
al motivation for the investment. Both criteria are discussed 
in more detail below. 


2. Annex 5.2 describes the environmental protection expenditure accounting 
framework of SERIEE in more detail. 
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>urpose as criterion 


Nhat distinguishes environmental protection expenditures 
s the intent to protect and restore the environment. As ob- 
jious as this point may seem, it must be considered careful- 
y since it is fundamental to defining and implementing the 
=PEA. 


=xisting statistical classifications, such as the Standard In- 
Justrial Classification (SIC) and the Harmonized Commod- 
ty Description and Coding System, are founded upon the 
vature or attributes of industries and commodities. The 
vood industries, for example, are defined in the SIC as 
hose that produce wood products. Similarly, the business 
services industries are those that sell services to business- 
2s. The fact that the products and services sold by these in- 
Justries can be used for a variety of purposes is outside the 
yurview of the classification systems. No business service 
ndustry is defined, for example, as producing services spe- 
‘ifically for the purpose of environmental protection. More- 
ver, NO simple grouping of the components of the above 
slassifications can be used to define environmental protec- 
ion expenditures or an “Environment Industry.” This will al- 
vays be the case as long as classifications are predicated 
pon the inherent attributes of goods and not the purpose 
o which goods are put. 


t is possible that one could construct classification systems 
yased upon purpose, but it is difficult to do so. The purpose 
o which a commodity is put—or to which an industry devotes 
ts activities—is mostly implicit, whereas the attributes of 
yoods and services are explicit. From the perspective of 
statisticians, who are not privy to the intentions of the eco- 
1omic agents, classifications based upon explicit attributes 
ure thus more objective and practicable. | 


.imits to the purpose approach 


Many expenditures can be unambiguously identified as 
serving environmental protection using a purpose-based 
riterion since their sole purpose is clearly to protect the en- 
ironment. For example, a catalytic converter on a car 
serves only to reduce air emissions. Likewise, the only pur- 
ose of a settling pond for pulp-mill effluent is to reduce the 
ollution load before it is released to the environment. Ex- 
enditures on these sorts of solutions are referred to here 
is end-of-pipe (EOP), because they treat wastes (or other 
hreats to the environment) after they have been generated. 


\t the other extreme are investments motivated primarily by 
ost saving or efficiency improvement, but that happen also 
0 have potential for protecting the environment. Examples 
nclude the installation of high-efficiency electric motors and 
he co-generation of electricity. These change-in-process 
CIP) investments result in decreased waste production at 
he source. In such cases, it is often futile to ask whether the 
yurpose of the investment was environmental or economic. 
t can be either or both, and there can be disagreement 


. Having said this, the idea of a classification of activities by purposes, ora 
“functional classification” is expressed in Chapter 18 of the SNAQS3. 
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within the same company as to the relative importance of 
each motivation. 


Even for governments there can be ambiguity of purpose 
with respect to environmental protection expenditures. For 
example, a number of federal and provincial government 
programs of an environmental nature are reported in public 
accounts* as expenditures for resource conservation and 
development. The ambiguity arises because it is not gener- 
ally feasible to distinguish resource conservation from de- 
velopment. This is discussed more fully in Section 5.4. 


Given the above, it is clear that an objective measure of all 
environmental protection expenditures based upon purpose 
is impossible. One can include with certainty only the unam- 
biguous EOP expenditures. For CIP expenditures, the most 
that can be done is to establish some guidelines for meas- 
urement. 


To circumvent the difficulty of collecting information on en- 
vironmental protection expenditures based on purpose, the 
United States? and Australia (McLennan, 1995) include as 
environmental protection expenditure the cost of any equip- 
ment or infrastructure that is intended primarily for environ- 
mental protection. The decision is left to the respondent as 
to what proportion of a given expenditure is aimed exclu- 
sively at environmental protection.4 


Technology as criterion 


Some European countries have adopted a technological 
approach to defining environmental protection expendi- 
tures. The assumption is that for any investment that im- 
proves a firm’s operations from an_ environmental 
perspective, there is a reference technology that does not 
achieve the same environmental effect but that does repre- 
sent “current practice” in the industry. The difference in cost 
between the “cleaner” technology and the reference tech- 
nology is deemed environmental protection expenditure. 


This approach is theoretically valid, as it focuses directly on 
the incremental cost of the environmental characteristics of 
a technology. This methodology eliminates the need to de- 
termine the purpose of the new investment; only the cost of 
the investment and the cost of the so-called “dirty” alterna- 
tive are required. The environmental characteristics of the 
new technology need not even be explicit, as often they are 
not. 


There are two variants of the technological approach. The 
first one takes into account only the capital costs of the in- 
vestment, while the second considers both the capital and 
operating costs.° A simple example of the importance of 
considering both costs is the replacement of a natural gas 


Public accounts provide information on the revenues and expenditures of 
federal and provincial/territorial government departments. 

In the U.S. Survey of Pollution Abatement Costs and Expenditures. 

The United States however has felt compelled to establish some rules-of- 
thumb to help respondents determine what proportions of their CIP invest- 
ments are environmental. 

The second variant, or “cost criterion,” has been developed by the Nether- 
lands Central Bureau of Statistics (Eurostat, 1994b; de Boo, 1993). 


) 


Rw 


an 
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space-heater by a solar panel heating system. Since the op- 
erating cost of the solar panel is almost negligible, it is im- 
portant to consider the present value of the future savings 
in any assessment of the two alternatives. Although the sec- 
ond variant of the technological approach is more complete, 
its additional information requirements make it less practi- 
Cal. 


The major drawback of the technological approach is that 
there is most often no readily available information on alter- 
native investments. Indeed, reference technologies may ex- 
ist only in theory. Production facilities are often unique in 
their scale and configuration, so that a realistic alternative 
to a proposed investment is difficult, or impossible, to con- 
jecture. Any attempt to compare costs to a hypothetical al- 
ternative is meaningless (or, at best, prohibitively 
expensive) in such cases. 


In summary, the technological criterion is preferable in the- 
ory to one based upon the determination of purpose. How- 
ever, severe information constraints make technology as a 
criterion impractical for most applications. 


Narrowing the scope - regulation/convention 
as a Criterion 


Since the technological criterion is difficult to implement in 
practice, the definition of environmental protection expendi- 
tures used in the EPEA starts from the purpose criterion. 
This criterion is made more practical by restricting the pur- 
poses that define environmental protection expenditures: 


Only those expenditures undertaken for the pur- 
pose of complying with environmental regulations 
and/or conventions are measured in the EPEA. 


The regulation/convention criterion is summarised in Text 
Box 5.1. 


Government regulation serves as a useful guideline in de- 
limiting what is to be included as an environmental protec- 
tion expenditure. Regulation makes explicit what normally 
would be implicit. Even if there is a financial advantage to a 
company in adopting a new technology that contributes to 
environmental protection, the fact that its adoption is under- 
taken for the sake of regulatory compliance ensures that 
there is an overriding environmental motivation. 


Regulation is at once too broad and too narrow a criterion 
however. It is too broad because the reaction to regulation 
may far exceed the requirements of the law. A company 
may decide to upgrade an entire process where a less ex- 
pensive EOP technology might satisfy the terms of the reg- 
ulation. It is too narrow in that many explicit pollution 
abatement investments are made without the impetus of 
regulation. To deal with this latter problem, environmental 
conventions (or multi-party environmental agreements) 
have also been included in the criterion defining environ- 
mental protection expenditures. This ensures that expendi- 
tures made to meet the terms of government-business 
accords, such as Ontario’s Countdown on Acid Rain, or uni- 
laterally established industrial conventions intended to fore- 
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Text Box 5.1 
Definition of Environmental Protection 


Expenditures 


Environmental protection expenditures are defined as 
current and capital expenditures incurred in order to 
comply with or anticipate environmental regulations or 
conventions that apply to Canada. Examples of envi- 
ronmental regulations include the Canada Fisheries 
Act regulations on liquid effluents from the pulp and 
paper, metal mining and petroleum refining industries. 


Environmental conventions include any formal multi- 

party commitment to meet specific targets relating to 

environmental protection. Examples include the Can- 

ada-United States Air Quality Agreement, the National 

Packaging Protocol, and the Responsible Care pro- 

gram adopted by the Canadian Chemical Producers 
- Association. 


The following categories of environmental protection 
expenditures are measured in the EPEA: 


¢ pollution abatement and control (PAC); 
e restoration of wildlife and habitat; 


e environmental monitoring, assessments and audits; 
and | 


e site reclamation and decommissioning. 


Expenditures to improve employee health, workplace 
safety and for site beautification are excluded. 


stall regulation, are captured. Given the recent emphasis on 
voluntary government-business environmental agreements 
(regulation is no longer the approach of choice), environ- 
mental protection expenditures are likely to be triggered 
more often by conventions in the future. 


The adoption of the environmental regulation/convention 
criterion to define the scope of environmental protection ex- 
penditures is useful, but incomplete. While it eliminates in- 
vestments that are made mainly for non-environmental 
purposes, it does not fully address the problem posed by in- 
vestments with multiple purposes (that is, most CIP invest- 
ments). Respondents are still left to decide what proportion 
of a multi-purpose expenditure to include as an environ- 
mental protection expenditure. This means that, for the time 
being, Canada’s approach to measuring environmental pro- 
tection expenditures is more in line with that of the United 
States and Australia than with the approach of European 
Union countries. 


In summary, a regulation/convention criterion has been 
adopted to define environmental protection expenditures in 
the EPEA. This principle allows the inclusion of expendi- 
tures made in response to, or in anticipation of, require- 
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ments of law or voluntary agreements/conventions; it 
disallows any other expenditures. 


5.2.2 Classification by economic sector 


The same environmental protection expenditure can often 
be classified to more than one economic sector, as there is 
both a financer and an executor for every expenditure.! In 
many cases the financing and executing sector are one and 
the same, but this is not always so. Consider household 
waste disposal services. These are typically carried out by 
local governments, but it is households who finance the 
services through municipal taxes. Depending upon the per- 
spective taken, the associated expenditures can be classi- 
fied to either the government sector or to the household 
sector. Under what is termed the financing criterion, they 
are attributed to households, while the execution or abater 
criterion classifies them to the government sector. 


The financing and abater criteria are identical in their treat- 
ment of most environmental protection expenditures. A sec- 
tors expenditures on own-account environmental 
protection activities, as well as its expenditures on activities 
undertaken on its behalf by other sectors, are dealt with in 
the same fashion. Under both criteria, these expenditures 
are attributed to the sector making the expenditure. It is only 
with respect to intersectoral transfer payments that the cri- 
teria differ. 


Under the financing criterion, all transfer payments made by 
a sector are included in the sector’s environmental protec- 
tion expenditures, while any transfers it receives are netted 
out of its expenditures. In this way, the financing criterion 
measures the cost of environmental protection borne by the 
sector, regardless of which sector actually makes the final 
expenditure for the activity. 


The treatment of intersectoral transfers under the abater cri- 
terion is exactly the opposite. The abater criterion includes 
transfer payments received from other sectors, while sub- 
tracting transfer payments made to other sectors. Thus, the 
abater criterion attributes environmental protection expen- 
ditures to the sector in which the expenditures are actually 
made, regardless of which sector originally finances the 
outlays.° 


1. The distinction between the financer and executor of environmental pro- 
tection expenditures has been made by the OECD, among others, in its 
pollution abatement and control accounting framework (Organisation for 
Economic Coaperation and Development, 1993). 

2. The definition of the abater criterion presented here corresponds with that 
used by the OECD since 1994 in its survey of pollution abatement and 
control expenditures. A second version of the abater criterion exists and 
should be noted. This version, based on an earlier OECD definition 
(Organisation for Economic Cooperation and Development, 1993), meas- 
ures the expenditures on environmental protection activities actually exe- 
cuted by a sector (McLennan, 1995). Thus, rather than measuring the 
burden of, or demand for, environmental protection in a sector, this crite- 
rion measures the production of environmental protection activities that 
occurs in the sector. 


It is important to note that no matter which criterion is used, 
the total environmental protection expenditure measured is 
the same. It is only the allocation of expenditures among 
sectors that changes. 


In order to avoid double counting in the EPEA, it is neces- 
Sary to distinguish the executor from the financer of the en- 
vironmental protection expenditures and to Classify 
expenditures according to one or the other of the above cri- 
teria. Indeed, since each criterion presents a useful per- 
spective on environmental protection expenditures, the 
ideal situation would be to have two versions of the EPEA, 
one following the financing criterion and another following 
the abater criterion. An EPEA following the financing criteri- 
on would be of interest to those wishing to know where the 
financial burden of protecting the environment falls. A set of 
accounts following the abater criterion, in contrast, would be 
of interest to those who need to know where the demand for 
environmental protection goods and services originates. 


Strict application of the financing and abater criteria in the 
EPEA is made difficult by gaps and inconsistencies in the 
available data, particularly with respect to intersectoral 
transfer payments. In practice, whichever criterion is implicit 
(by the treatment of transfers) in a given set of environmen- 
tal protection expenditure data is the one that is applied in 
the accounts. As a consequence, the criterion used varies 
from one sector to another, making it difficult to aggregate 
the sectoral sub-accounts into a consolidated EPEA. 


When measuring a sector’s environmental protection ex- 
penditures, regardless of the criterion applied, any reve- 
nues or savings generated by the sale of by-products must 
be subtracted from cost of protection activities. For exam- 
ple, the revenues generated for the government from the 
sale of recyclable household wastes must be subtracted 
from government expenditures on solid waste management 
(assuming that the abater criterion is in effect). It is not al- 
ways straightforward to obtain the information necessary to 
do this however; special surveys are normally required. 


5.2.3 Classification by environmental 
domain 


Environmental protection expenditures can also be classi- 
fied by environmental domain, or the part of the environ- 
ment that is protected. This is done in SERIEE for example, 
where the European Standard Classification of Environ- 
mental Protection Activities is used. Text Box 5.2 presents 
SERIEE’s classification of expenditures by environmental 
domain. 


In practice, the level of detail available on environmental 
protection expenditures does not always allow classification 
by environmental domain (as seen in the following sec- 
tions). There is no satisfactory solution to this problem, es- 
pecially since environmental regulations and conventions 
tend less and less to be domain-specific. In any case, clas- 
sification by environmental domain is not completely satis- 
factory, as wastes do not remain in the medium to which 
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Text Box 5.2 


SERIEE Classification of Environmental 
Protection Expenditures by 
Environmental Domain 


* ambient air and climate protection 


wastewater management 


solid waste management 


protection of soil and groundwater 


noise and vibration 


protection of biodiversity and landscape: protection 
of species, landscapes and habitats including forest 
protection (landscape and forest protection are ex- 
cluded unless they are undertaken to protect forests 
and landscapes from human activities) 


¢ other environmental protection activities: protection 
against radiation; environmental R&D; education 
and training related to environmental protection; 
general environmental administration 


they are released. Air emissions are eventually deposited 
on land or water and contaminants released into streams 
and rivers ultimately find their way into groundwater. None- 
theless, the distinction is still useful, if for no other reason 
than that it provides market information for broad categories 
of pollution abatement equipment. It is thus maintained in 
the EPEA wherever the data allow. 


5.3. Business account 


The business account of the EPEA is restricted to expendi- 
tures made by firms to limit the negative environmental ef- 
fects of their production activity. | The regulation/convention 
criterion is used to define the scope of environmental pro- 
tection expenditures that are measured for businesses. For 
certain expenditures, classification by environmental do- 
main is available. Capital and operating expenditures are 
reported separately. 


Environmental protection expenditures in the business sec- 
tor are classified according to the categories outlined in Text 
Box 5.3. Pollution abatement and control (PAC) expendi- 
tures include the following: 


e the purchase of waste and sewage management serv- 
ices from governments or private contractors; 


* expenditures on EOP construction and equipment; 
and 


1. Future work regarding the collection of supply-side information on produc- 
ers of environmental protection activities is discussed in Section 5.7.1. 
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e CIP expenditures. 


Other environmental protection expenditures measured for 
businesses include: 


¢ site clean-up and decommissioning; 

¢ environmental monitoring, assessments and audits; 
¢ wildlife and habitat protection activities; 

¢ fees, fines and licences; and 


e “other” expenditures. 


5.3.1 Data sources and methods 


Annex 5.1 summarises the various data sources used to 
collect information on environmental protection expendi- 
tures in the business sector. In general, the data available 
from these sources share the following characteristics: 


e the data are collected through surveys, only some of 
which are designed specifically to collect environmen- 
tal protection expenditure information; 


¢ in some instances the data represent only a subset of 
environmental protection expenditures; for example, 
information may be unavailable by province, or it may 
focus only on specific categories of expenditures; 


¢ data from different surveys are not always compatible 
with one another because of different coverage peri- 
ods, classifications, levels of detail or collection meth- 
ods; 


e the data are difficult to classify because of the multi- 
purpose nature of certain expenditures (such as CIP 
expenditures for PAC). 


The inconsistencies in these sources present challenges 
when integrating the data into a single set of statistics. Al- 
though compensating adjustments are made to the extent 
possible, users of the EPEA should be aware of these in- 
consistencies when comparing environmental protection 
expenditures taken from various sources. 


Capital expenditures by businesses 


An annual time-series of PAC capital expenditures based 
on results from the Capital and Repairs Expenditure Survey 
(CRES) exists for the period 1985 to 1995 inclusive. This 
survey covers the entire business sector. Respondents tc 
the survey are asked to provide data on capital expendi- 
tures by type of asset, several of which pertain specifically 
to pollution abatement and control (Text Box 5.3). Note that 
no specific criterion is used to define PAC expenditures in 
the CRES; the decision to include an investment under the 
PAC category is left to the respondent. As a result, the sur- 
vey likely under-values PAC capital expenditures; estab- 
lishments may prefer to declare their investments unde 
other asset categories. 
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| Text Box 5.3 _ 


. Classification of Environmental Protection Expenditures - Business Sector 


: a Classification of expenditures from the Capital 
: and Repairs Expenditure Survey (PAC expendi- 
> tures for 1985-1995) 

: PAC construction and equipment 


oe - waste disposal facilities - 


2 , sonsifuction of sewage networks: sewage treatment 
and disposal plants including pumping stations; san- 

cas and storm sewers, trunk and collection lines, — 
: open storm ditches and laterals: lagoons, ak any 
_ other Sewage system epee 


2 : ‘mine > tailing disposal systems, poudee settling 
ponds . 


‘sanitation equipment 


. Classification of eres from the Survey 
- of Environmental Protection Expenditures (capital 
| and operating expenditures) 


| © environmental monitoring: expenditures related to 
equipment, labour and purchased services required 
for the monitoring of pollutant emissions that may af- 
fect air, water or soil quality : 


s ‘environmental assessments and audits: expendi- 
; tures for reviews of current operations for compli- 


ance with regulations, and expenditures to evaluate 
the environmental impact of proposed projects 


* site reclamation and decommissioning: expendi- 
tures to clean up environmental damage from previ- 
ous activities and expenditures for site closure 


* wildlife and habitat protection: expenditures made to 
protect wildlife and habitat from the effects of eco- 
nomic activity or to restore stocks that have been 
adversely affected by such activity 


* purchase of waste and sewage management servic- 
es from a private contractor or a government body 


* EOP PAC expenditures: expenditures for which the 
sole purpose is to abate or to control undesirable 
substances emitted during regular production activ- — 
ities; EOP installations do not affect the production 
process itself 


e CIP PAC expenditures: expenditures that lead to a 
new or significantly modified production process in 
order to prevent or reduce emissions of pollutants 
and the amount of waste generated 


environmental fees, fines and licences 


6 


e other environmental protection expenditures: the 
costs of administering environmental projects and 
providing environmental training for example 


Total capital and repair expenditures on PAC construction 
and equipment are available by industry and by province 
from the CRES. A breakdown by type of PAC asset is avail- 
able at the national level only however, and only for major 
industrial divisions (total manufacturing and total mining for 
example) because of the need to maintain respondent con- 
fidentiality. 


Given the shortcomings of the CRES as a source of envi- 
ronmental protection expenditure data, a specific Environ- 
mental Protection Expenditure Survey (EPES) has been 
launched by Statistics Canada. This survey fills important 
data gaps regarding capital and operating expenditures on 
environmental protection. A pilot survey was run for the ref- 
erence year 1989 (the 1989 Pollution Abatement and Con- 
trol Survey), which provided information for comparison 
with the CRES. The additional data collected by the Pollu- 
tion Abatement and Control Survey covered capital expen- 
ditures on EOP PAC facilities and equipment by type of 
pollutant. The survey covered all industries, but was re- 
stricted to those firms having reported PAC expenditures to 
the CRES in the previous three years. The survey deliber- 
ately avoided the question of CIP investments and did not 
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request information on other environmental protection ex- 
penditures (such as environmental assessments and site 
remediation). 


Based on the results of the 1989 pilot survey, important con- 
ceptual issues were refined and the more complete Envi- 
ronmental Protection Expenditure Survey was devised. It 
was implemented for the first time for the reference year 
1994.’ This survey collected detailed data on capital expen- 
ditures for environmental protection for a range of primary 
and manufacturing industries. The environmental regula- 
tion/convention criterion was explicitly used to define envi- 
ronmental protection expenditures. Respondents were left 
to decide themselves what proportion of multi-purpose in- 
vestments to report. The categories of environmental pro- 
tection expenditures used in the survey are listed in Text 
Box 5.3. In 1994, the surveyed industries included the fol- 
lowing: 


¢ Logging (SIC industry group 041); 


1. Comparisons of the 1989 data with the 1994 data must be done with cau- 
tion, since the scope of the two surveys was not the same. 
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Mining (SIC industry groups 061, 062 and 063); 


e Crude Petroleum and Natural Gas (SIC industry group 
071); 


¢ Food (SIC major group 10); 

e Beverages (SIC major group 11); 

¢ Pulp and Paper (SIC industry group 271); 

¢ Primary Metals (SIC major group 29); 

e Fabricated Metal Products (SIC major group 30); 


* Transportation Equipment (SIC industry groups 321, 
323, 324 and 325; 


e Non-Metallic Mineral Products (SIC major group 35); 


¢ Refined Petroleum and Coal Products (SIC major 
group 36); 


¢ Chemicals and Chemical Products (SIC major group 
Sf); 


e Electric Power Systems and Gas Distribution Systems 
(SIC industry groups 491 and 492). 


The selected manufacturing industries represented approx- 
imately one half of total manufacturing employment. To 
minimise response burden, establishments with less than 
50 employees were not included in the survey. Some 3 500 
units were surveyed. 


In the 1995 EPES, the frame was extended to cover a sam- 
ple of establishments in the rest of the manufacturing sec- 
tor. The pipeline transportation industry was also included. 
To minimise response burden, the additional manufacturing 
industries (as well as the Transportation Equipment Indus- 
try, the Fabricated Metal Products Industry, and certain 
food industries) received a shorter version of the question- 
naire. As a result, the 1995 survey is less detailed with re- 
spect to the additional manufacturing industries surveyed 
(and two of the manufacturing industries surveyed in 1994). 
Although the 1995 survey covered more industries, the 
number of establishments was reduced as a result of the in- 
troduction of sample surveying. Overall, 2 762 establish- 
ments were Surveyed in 1995. 


Expenditure data collected from the EPES are compiled by 
type of activity, by industry and province (region in 1994). In 
addition, information on EOP and CIP PAC capital expendi- 
tures are provided by environmenial domain (air, surface 
water, soil and groundwater, noise and radiation). For those 
industries not covered by the survey, data from CRES are 
used to estimate PAC expenditures in 1994 and 1995. 


Business operating expenditures 


Operating expenditures on environmental protection are not 
easily reported by firms because of the difficulty in separat- 
ing the environmental component out of total operating ex- 
penditures. The data that are available are mainly for 
expenditures on operating EOP facilities. 
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Some information on operating expenditures for EOP facil- 
ities and equipment is available for 1989 based on results 
from the 1989 Pollution Abatement and Control Survey. A 
breakdown of PAC operating expenditures by expenditure 
category (labour, fuels and electricity, materials and sup- 
plies, services) can be provided at the national level and for 
major industrial divisions. Total operating expenditures are 
also available by type of pollutant. 


More complete data on operating costs associated with en- 
vironmental protection are available from the EPES. Oper- 
ating expenditures are classified by the activities shown in 
Text Box 5.3. The own-account operation of waste or sew- 
age treatment facilities included under EOP and CIP expen- 
ditures is distinguished from the purchases of waste and 
sewage treatment services. The latter are split between 
payments to private contractors and purchases of services 
from governments. Environmental fees, fines and licences 
represent payments to other economic sectors. 


Government grants and subsidies received by the business 
sector for environmental purposes are included in the gov- 
ernment sector account of the EPEA in accordance with the 
financing criterion. In order to avoid double counting be- 
tween these two sectors, these transfers must be deducted 
from the business sector expenditures on environmental 
protection. This is not currently possible, as data on specific 
subsidies from governments or other sectors to the busi- 
ness sector are incomplete. Currently only partial federal 
and provincial government information on subsidies is avail- 
able. Section 5.4 provides more details on this issue. 


PAC research and development expenditures 


The data from the EPES do not include expenditures on re- 
search and development (R&D) devoted to environmental 
protection. This information is available from another survey 
however. The Survey of Research and Development in Ca- 
nadian Industry covers internal expenditures on PAC R&D 
made by firms for 1990, 1991, 1993 and 1995 (forthcom- 
ing). A question on the percentage of total R&D expendi- 
tures associated with pollution abatement and control has 
been included since the 1990 reference year. The survey 
covers both firms specialised in producing environmental 
goods and services, and the firms who demand these 
goods and services. In this regard it differs from the busi- 
ness surveys mentioned up to this point, which apply only 
to environment-protection demanding firms. 


Other data sources 


Additional data sources exist for certain industries. For ex- 
ample, the trade journal Pulp and Paper Canada publishes 
an annual report of PAC expenditures by a number of pulp 
and paper firms. Additionally, some companies publish an 
annual environmental performance report that contains in- 
formation on their environmental protection expenditures. 
This information is used in the validation of data from the 
CRES and the EPES. 


Administrative data are available from Revenue Canada's 
Accelerated Capital Cost Allowance Program for air and 
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water pollution abatement equipment. These data are not 
appropriate for statistical purposes for several reasons: only 
companies in business prior to 1974 qualify for the program; 
companies tend not take advantage of these allowances in 
years of low or no profitability; and other tax provisions were 
more attractive for certain years of the program's existence. 
Since these data only address a minor portion of the de- 
mand for environmental protection activities, they have not 
been integrated into the EPEA. 


5.4 Government account 


Data on government expenditures for environmental pro- 
tection are drawn from public accounts and a few other ad- 
ministrative sources through the Public Institutions Division 
of Statistics Canada, which collects the data. The data are 
classified by function (or purpose) following the Financial 
Management System (FMS), the reporting system for public 
sector revenue and expenditures. In the FMS classification, 
there are three functions that relate directly or indirectly to 
environmental protection: the “environment” function, the 
“natural resource conservation and industrial development” 
function, and the “parks” sub-function. Text Box 5.4 
presents the classification of government environmental 
protection expenditures based on the FMS. 


The measurement of environmental protection expendi- 
tures by governments is complicated by a problem similar 
to that encountered for the business sector: many govern- 
ment expenditures to protect the environment can have 
multiple purposes. For example, expenditures relating to re- 
source management, agricultural development and energy 
programs can have both environmental protection and in- 
dustrial development aspects. This problem is reflected in 
the FMS classification of expenditures on “natural resource 
conservation and industrial development.” How much of 
these expenditures should be considered environmental? 
The answer to this question would ideally be based on a 
programme-by-programme assessment of purpose. De- 
spite the absence of such an evaluation, estimates of gov- 
ernment expenditures on natura! resource conservation 
and development are produced for the EPEA. They are kept 
separate from other government environmental protection 
expenditures however. ' 


5.4.1 Classification of government 
expenditures 


The environment function of the FMS refers essentially to 
pollution abatement and control, but also includes an ex- 
penditure category called “water supply and distribution.” 
Expenditures associated with the supply and treatment of 
drinking water are classified to this category. These expen- 


1. Including these expenditures in the EPEA leads to overestimation of the 
size of expenditures and range of activities involved in government envi- 
ronmental protection. 


ditures are excluded from the EPEA because they relate to 
the protection of human health rather than to environmental 
protection. 


As alluded to above, only some of the components of the 
natural resource conservation and industrial develop- 
ment function of the FMS are considered environmental 
protection expenditures. Categories such as “tourism,” 
“trade and industrial development” and “water power” (con- 
trol of damage due to floods and the installation of dams) 
are excluded from the EPEA. What remains is shown in 
Text Box 5.4 under the heading “natural resource conserva- 
tion and development.” These expenditures comprise both 
those associated with the development of natural resources 
and those related to the conservation of these resources. 
Ideally, the EPEA would distinguish between these different 
types of activities, but this is not possible given current data 
sources. 


Park expenditures are a component of the “Recreation and 
Culture” function of the FMS. They are considered environ- 
mental protection expenditures in the EPEA because of 
their close relationship with the protection of wildlife habitat. 
The expenditures included under this category comprise all 
those associated with implementing and maintaining na- 
tional, provincial and municipal parks.? 


In certain cases, government expenditures on environmen- 
tal protection can be split among capital expenditures, cur- 
rent expenditures and transfer payments to other 
governments and sectors. 


5.4.2 Data sources and methods 


The mandates of different levels of government vary with re- 
gard to environmental protection. Local governments are 
mainly responsible for municipal sewage and solid waste 
management. Provincial/territorial and federal governments 
are more concerned with other pollution control activities, 
such as site clean-up and air pollution abatement, and serv- 
ices such as environmental administration and training. Ex- 
penditures on natural resource conservation and 
development are also almost entirely made by provincial/ 
territorial and federal governments. 


A summary of the data sources and availability for govern- 
ment environmental protection expenditures is presented in 
Annex 5.1. These data tend to be characterised by: 


° differing levels of detail over time and by level of gov- 
ernment; 


¢ problems in eliminating double counting resulting from 
insufficient information on transfers between govern- 
ments; 


¢ classification difficulties arising from the multi-purpose 
nature of some expenditures; 


2. These expenditures may also overestimate the size of government envi- 
ronmental protection expenditures, since some park expenditures may 
relate more to recreation than to environmental protection. 
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Text Box 5.4 


FMS Classification of Government Environmental Protection Expenditures 


1. Pollution abatement and control (part of the 
“environment” function) 


* sewage collection and disposal: expenditures on the 
construction and maintenance of sewage removal 
and treatment facilities (including sanitary sewers 
and combined sanitary-storm sewers); expenditures 
related to inspection and cleaning of sewers; subsi- 
dies related to assistance and research in this area 


waste collection and disposal: expenditures on con- 
struction and maintenance of waste collection and 
disposal facilities (including landfill sites, incinera- 
tion, recycling and landfill site cleanup); expendi- 
tures on managing waste collection and disposal 
programs 


pollution control: all expenditures to prevent or re- 
duce air, water, soil or groundwater pollution 


other environmental services: expenditures for such 
services as general administration of environment 
ministries, environmental education, environmental 
assessments, contributions to environmental agen- 
cies 


reporting delays caused by recourse to administrative 
data in lieu of direct surveys; and 


¢ inconsistent reporting periods. 
Pollution abatement and control expenditures 


Consolidated government expenditures - One of the 
main challenges in producing a government account on en- 
vironmental protection expenditures is obtaining consolidat- 
ed data.'! The required information on intergovernmental 
transfer payments is not available for all three levels of gov- 
ernment. 


Despite shortcomings in the data, an annual time-series of 
consolidated total government expenditures for PAC is 
available from 1970/71 to 1994/95. These data, derived 
from the public accounts, show the total financial contribu- 
tion of the government sector to PAC, include payments to 
the private sector for PAC goods and services and other 
PAC-related transfer payments. A breakdown of expendi- 
tures by PAC activity (see Text Box 5.4) is available. Esti- 
mates of consolidated  provincial/local government 
expenditures by PAC activity are available both at the na- 


1. Consolidated data net out inter-governmental transfers to show total, 
unduplicated public spending on environmental expenditure. 
2. The public accounts use a classification that is similar to that of the FMS. 


2. Natural resource conservation and develop- 
ment (part of the “natural resource conservation 
and industrial development” function) 


° agriculture: expenditures for research, price stabili- 
sation, soil conservation and protection against soil 
erosion, farm subsidies, and drainage 


e fish and game: expenditures for research and man- 
agement of fish and wildlife, including aquaculture, 
and wildlife habitat protection 


* forests: expenditures for research, pest and fire con- 
trol, construction of logging roads and reforestation 


mines, oil and gas: expenditures related to research, 
exploitation and conservation of mineral resources 


other: expenditures related to the management of 
Crown land, energy conservation, subsidies to con- 
servation agencies for energy-related R&D 


3. Parks 


* expenditures on park planning and development, 
park commissions, park design and implementation, 
visitors services, provincial park operations, and 
park construction and development 


tional and provincial/territorial levels, although these data 
may include transfer payments from local to provincial gov- 
ernments. 


In addition to total government expenditures for PAC, con- 
solidated government capital and repair expenditures for 
PAC are available from 1985 to 1995 based on the CRES. 
It must be noted that CRES and public accounts data are 
not always compatible because of different collection and 
estimation methods. 


Non-consolidated government expenditures - The level 
of detail available for non-consolidated government PAC 
expenditures, as well as the years for which the data are 
available, vary according to the level of government. This is 
mainly because different methods are used in collecting the 
data (see Annex 5.1 for details). 


Federal public accounts provide information on total federal 
government PAC expenditures by type of activity from 
1970/71 to 1995/96. They do not provide a breakdown be- 
tween current and capital PAC expenditures at that level of 
detail. Total capital and repair expenditure data on PAC are 
available for the federal government from 1985 to 1995, 
based on the CRES. 


Total provincial/territorial government expenditures on PAC 
are available by province/territory for each category of PAC 
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activity from 1970/71 to 1994/95, again based on public ac- 
counts data. In addition, total PAC expenditures are availa- 


ble for more recent years (1988/89 to 1994/95) for the 
following categories: 


* current expenditures on goods and services: 
* capital expenditures; 
* expenditures on non-specified goods and services: 


¢ transfers to individuals; 


transfers to businesses; 


¢ transfers to local governments and to other levels of 
government; 


¢ interest payments on public debt; 


* expenditure reconciliation and integration (expendi- 
tures not specified above); 


direct and indirect taxes; 


¢ revenues/receipts offset against expenditures. 


Total local government expenditures are available by type 
of PAC activity and province/territory beginning in 1965/66. 
The split between capital and current expenditures is avail- 
able beginning in 1983/84. The data are net of transfer pay- 
ments to other local governments, but not necessarily net of 
transfers to other governments. 


It must be noted that CRES and Public Institutions Divi- 
sion's capital expenditure data are not always compatible at 
the aggregate level. This is due to differences in concepts, 
estimation methods and (primarily) definitions of what is 
measured. 


Natural resource conservation and develop- 
ment expenditures 


Non-consolidated data on natural resource conservation 
and development expenditures made by governments 
(based on public accounts) generally follow the model just 
outlined for PAC expenditures (see Annex 5.1 for details). 
There is one major difference however. Data on capital ex- 
penditures relating to natural resource conservation are not 
available from the CRES. Consequently no data on capital 
expenditures made by the federal government are available 
for this function. 


Park expenditures 


Data on park expenditures are available for provincial/terri- 
torial governments beginning in 1988/89. The data are 
available by the same economic categories listed above for 
PAC expenditures. Federal government data on parks are 
not readily available. 


5.5 Household account 


The EPEA account for the household sector’ exists in con- 
cept only at this time; data development is still in the plan- 
ning stage. Although no data have yet been collected, the 
accounting concepts for this account are well formulated. 


Household environmental protection expenditures include 
payments made to control and abate pollutants emitted to 
soils, water and air, as well as household spending to man- 
age the solid wastes they produce. The associated expend- 
iture levels are likely to be modest in comparison with those 
of other sectors. At least, this has been the case in other 
countries that have included household expenditures in 
their environmental protection accounts. 


As with the other components of the EPEA, the household 
account uses the regulation/convention criterion to define 
environmental protection expenditures. Relatively few 
household expenditures actually meet this criterion howev- 
er. Expenditures on solid waste management and sewage 
treatment are typically the only household expenditures that 
fall under this criterion. 


Households make a number of outlays that might be consid- 
ered, at least in part, environmental protection expenditures 
but that are not required by legislation. An example is im- 
provements made to the efficiency of home space and wa- 
ter heating systems. The resulting reduction in energy 
consumption yields cost savings for the household, as well 
as having a positive environmental impact. The household’s 
motivation for undertaking such improvements may be 
purely financial, or it may be a combination of the desire to 
save money and to protect the environment. Despite the 
possibility of an environmental motivation, since these ex- 
penditures are not required by law they do not meet the cri- 
terion for inclusion in the EPEA as environmental protection 
expenditures. 


Household environmental protection expenditures are clas- 
sified according to environmental domain following the Eu- 
ropean__ classification of environmental protection 
expenditures (Text Box 5.2). 


5.5.1 Elements of the account 


Air pollution control 


The first element of the household account is expenditure to 
reduce the emissions of air pollutants from fuel combustion 
and other sources. Motor vehicles are the primary regulated 
source of household air pollution. Legislation requires that 
motor vehicles be fitted with pollution control devices in the 
form of catalytic converters. Vehicles are also equipped 
with control systems that prevent fuel vapours from being 


1. This sector is also referred to as the “personal sector.” In addition to private 
households, it is defined to include private non-profit organisations such as 
religious and welfare organisations, other voluntary groups, private clubs 
and labour unions. 
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emitted to the atmosphere. Both devices add to the cost of 
vehicle and the resulting costs imposed on households are 
included in the household account. 


Households also release pollutants to the air from water and 
space heating equipment. The heating systems in use to- 
day are not required by regulation to have specific pollution 
control devices however. While furnace and fireplace chim- 
neys, for example, are subject to design standards, these 
reflect considerations for householder safety rather than en- 
vironment considerations. Thus, there is no household en- 
vironmental expenditure associated with heating systems. 


Solid waste management 


Expenditure on solid waste management is the second ele- 
ment of the household account. Governments provide the 
bulk of this service to households and the associated ex- 
penditures are, as already mentioned, included in the gov- 
ernment account. To avoid double counting, these 
expenditures are not recorded again in the household ac- 
count. 


In some locations, and for certain dwelling types (primarily 
large apartment buildings), government waste manage- 
ment services are unavailable. In these instances, private 
businesses may collect household waste and deal with its 
disposal on a fee-for-service basis. The expenditures made 
by households for these services are included in the house- 
hold account. The removal and disposal of certain house- 
hold waste items are not covered by municipalities as part 
of normal waste management services. These items vary 
by location, but often include construction wastes, yard 
wastes, wood, white goods and old motor vehicles. Again, 
private businesses may collect these items and deal with 
their disposal on a fee-for-service basis; any resulting ex- 
penditures are also recorded in the household account. 


Also included under the solid waste category of the house- 
hold account are the expenditures households are required 
to make in order to receive waste management services, 
whether government or private. These include, for example, 
expenditures on garbage cans, wheelie bins and plastic 
garbage bags. 


Regulations in many municipalities prevent the burning of 
leaves and other waste products on household property. 
Payments to manage these wastes are recorded as house- 
hold environment expenditure if the service that replaces 
the burning is provided for a fee by the business sector. If 
municipal programs (leaf recycling for example) are used 
instead, the expenditure is already recorded for the govern- 
ment sector and is not recorded again for households. 


Wastewater treatment 


The third element of the household account is expenditure 
on household sewage treatment. Again, governments pro- 
vide the bulk of these services to. households. Household 
expenditures on sewage treatment are included in the ac- 
count only in cases when government services are not 
available. In the case of self-supplied sewage treatment, 


the initial cost of septic systems and the costs to maintain 
them are included as environmental expenditure. 


Noise abatement 


The fourth element of the household account is expenditure 
to control noise. The major expenditure in this category is 
for mufflers fitted to the exhaust systems of motor vehicles. 
Noise laws prevent the operation of motor vehicles without 
suitable noise suppression devices and require that faulty 
devices be repaired promptly. 


Other environmental protection expenditures 


The final element of the account goes beyond the regula- 
tion/convention criterion to include voluntary household do- 
nations to environmental organisations, which represent 
transfer payments within the broader household (or person- 
al) sector. Also included are expenditures for environment- 
related entertainment; camping trips and bird feeders for 
example. 


5.6 Data gaps 


A general impediment to the production of the EPEA is the 
time-lag in data availability. Typically, environmental protec- 
tion expenditure data are 2-3 years out of date when they 
become available. Improving the timeliness of the data is an 
important goal for the future. 


Beyond this general shortcoming, each of the three ac- 
counts of the EPEA has its own unique data gaps. 


5.6.1 Business sector 


A major data gap for the business sector is the lack of his- 
torical information on operating expenditures for environ- 
mental protection. Currently, few years of data are available 
—1989, 1994 and 1995. Also, it is not possible to split the 
1994 and 1995 data between expenditures on primary in- 
puts and intermediate consumption associated with envi- 
ronmental protection activities. 


Capital costs, that is depreciation and holding costs on the 
Capital stock employed in environmental protection, may 
form a significant part of total annual environmental protec- 
tion costs. In the Netherlands, for instance, capital costs 
have been estimated at 50 percent of annual operating 
costs (Eurostat, 1994b). However, no historic data on the 
Capital costs of equipment used specifically for environmen- 
tal protection purposes are available in Canada. These 
costs could be calculated given a time-series of investment 
data and assumptions about the depreciation rate of the en- 
vironmental equipment. Use of a replacement cost valua- 
tion for capital in this calculation would be in accordance 
with capital cost calculations elsewhere in the CSNA. 


As mentioned earlier (page 111), any revenues or savings 
generated from the sale of by-products from environmental 
protection activities (sulphur scrubbed from the stacks of 


118 Statistics Canada - Catalogue no. 16-505-GPE 


— Concepts, Sources and Methods 


Linking the Environment and the Economy 


Environmental Protection Expenditure Accounts 


coal-burning industrial facilities for example) should be sub- 
tracted from the associated expenditures. The information 
required to allow this has been collected only for 1989. Ev- 
idence from the 1989 Survey of Pollution Abatement and 
Control Expenditures (Statistics Canada, 1992) suggests 
that revenues from the sale of by-products are relatively 
small in comparison to PAC operating costs, about 10 per- 
cent. 


5.6.2 Government sector 


Government PAC expenditure data are not very detailed 
with respect to category of activity undertaken. Other than 
waste and sewage management, no activity-specific data 
are available on the PAC activities of different levels of gov- 
ernment. 


Expenditures for water supply and distribution are excluded 
from the EPEA. However, it appears that some provincial 
government data on sewage disposal and treatment may 
be included in the “water supply and distribution” category 
of the FMS. The data included in the EPEA for these gov- 
ernments therefore underestimate the value of their sewage 
treatment expenditures. Work is required to estimate the 
share of reported water supply expenditures that actually 
represents sewage treatment. 


Data on natural resource conservation and development 
expenditures do not provide a split between environmental 
protection expenditures and other expenditures. This is a 
particular concern for the federal and provincial/territorial 
governments. Further investigation of the programs and 
budgets of the departments involved is required to deter- 
mine if these expenditures can be separated. 


Detail on transfer payments between governments are cur- 
rently unavailable for the local governments. This compli- 
cates the estimation of consolidated government 
expenditures by environmental protection activity. 


5.6.3 Household sector 


As noted above, data development for this sector is still in 
the planning stage. The approach that will be used to fill this 
major data gap is outlined below in Section 5.7.1. 


5.7 Future directions 


The development of the EPEA to date constitutes a major 
step forward in our understanding of environmental protec- 
tion expenditures and their contribution to economic activity 
in Canada. Nevertheless, substantial work remains to ex- 
pand the scope and improve the quality of the estimates, 
and to reconcile data from various sources into a coherent 
set of accounts. Projects with these objectives are already 
under way. 


5.7.1 Sectoral accounts 


Business sector 


Since environmental protection expenditure data in the 
business sector are derived from a variety of sources that 
employ different scopes and methods, data reconciliation is 
key to producing an integrated EPEA. This will be the sub- 
ject of much of the future work on this account. CRES data 
will be used to compliment the data from the EPES, allowing 
PAC capital expenditures for all industries to be estimated. 


The 1996 EPES will provide an enhanced coverage of the 
whole manufacturing sector. Results will be available in the 
summer of 1998. 


A new question has been introduced to the Survey of Re- 
search and Development in Canadian Industry. Starting in 
1996, this survey will request information about expendi- 
tures on R&D with significant environmental benefits, 
whether or not the research is undertaken for environmental 
purposes. 


Government sector 


The consolidation of expenditure data by type of environ- 
mental protection activity and the reconciliation of capital 
expenditure data from different sources will be the focus of 
much future work on the government account. Shortening 
the time required to compile the data will also be the object 
of future attention. 


Work is currently under way to fill some of the most impor- 
tant data gaps. This foremost involves finding means to es- 
timate government transfers. As well, information for local 
governments will be improved to allow measurement of the 
proportion of their waste management expenditures made 
for the provision of services by private contractors. This may 
be achieved by introducing a question on the Local Govern- 
ment - Current Revenue and Expenditure Survey, or by ob- 
taining information directly from the Financial Report of the 
Department of Municipal Affairs of each province/territory. 


Other tasks will include estimating the sewage treatment 
component of certain expenditures currently classified un- 
der water supply and investigating additional public ac- 
counts information on natural resource conservation and 
development and parks activities. A reconciliation of PAC 
capital expenditure data from the public accounts and the 
CRES will also be made. 


Household sector 


As noted above, data for this account remain to be devel- 
oped. Thus, the first order of business will be the identifica- 
tion of suitable data sources and methods. 


The expenditures on air pollution control devices on new ve- 
hicles (catalytic converters and evaporative-emission con- 
trol devices) will be measured by multiplying the per-unit 
orice by the number of new cars purchased by households. 
On-going costs for operating these devices are virtually nil 
according to U.S. estimates (Rutledge and Leonard, 1992). 
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(Expenditures on pollution control devices on vehicles pur- 
chased by other than the household sector will also be cal- 
culated. To the extent possible, these values will be 
included with the environmental protection expenditures of 
the purchasing sector.) 


Estimates of expenditures on garbage storage and collec- 
tion equipment will be developed from data in the Family 
Expenditure Survey, as well as from industrial surveys. 


The approximate cost of a private septic system can be 
identified from contractors who install these systems. The 
number of installations made per year is available from local 
governments as part of their permitting system. Statistics 
Canada’s household surveys may also provide additional 
material. 


With respect to mufflers on motor vehicles, similar methods 
to those used to calculate expenditures on pollution control 
devices will be applied. New vehicle sales and the unit cost 
of muffler systems are known. Per-unit prices of replace- 
ment mufflers are readily available, as are the labour costs 
to install them. (Again, expenditures on vehicle noise-con- 
trol systems made by other sectors will be estimated as 
well.) 


Additional work remains to be done to define environmental 
protection expenditures in the broader personal sector. Ar- 
eas of interest include payments by households to environ- 
mental and wildlife organisations, and the environmental 
protection expenditures of non-profit organisations. 


Sectoral consolidation 


Ultimately, the accounts for the three sectors will be consol- 
idated to present an overall picture of environmental protec- 
tion expenditures in the economy. This will require 
improving information on transfer payments between séc- 
tors in order to eliminate double-counting. 


5.7.2 Measuring the Environment 
Industry 


As a participating agency in the Environment Industry Strat- 
egy launched in 1996 by Environment Canada and Industry 
Canada, Statistics Canada has the task of producing a na- 
tional statistical database on and for the Environment In- 
dustry.' This database, and the work that will follow from it, 
may eventually allow Statistics Canada to assess both the 
supply of and demand for environmental protection activi- 
ties in an integrated accounting framework.” 


Such an account would be a useful tool for assessing the 
economic effects of the provision of environmental protec- 
tion activities in terms of revenue, employment, export po- 


anh 


. The Environment Industry is defined by Statistics Canada as all compa- 
nies operating in Canada that are involved in whole or in part in the pro- 
duction of environmental products, the provision of environmental services 
and the undertaking of environment-related construction activities. 

. Annex 5.2 presents European and U.S. approaches to integrating demand 
and supply aspects of environmental protection activities. 


ine) 


tential and other parameters. It would, for example, provide 
answers to questions that are currently the subject of much 
interest: 


¢ What environmental protection activities are undertak- 
en in the economy? 


e What is the sectoral demand for these activities? 


e Who are the suppliers of environmental goods and 
services? 


¢ What is the percentage of GDP represented by the 
provision of environmental protection activities? 


What are the environmental uses of goods and servic- 
es as opposed to their non-environmental uses? 


The Input-Output Accounts provide a framework that could 
be used to integrate both the supply and demand for envi- 
ronmental protection. Indeed, this framework is already in 
use for integrated environmental protection accounts in 
some other countries. The conventional Input-Output Ac- 
counts do not classify production and consumption accord- 
ing to purpose however, so environmental protection 
activities are not presented explicitly within the accounts. In 
order to show these activities explicitly, it is necessary to 
separate the environmental and non-environmental compo- 
nents of all economic activity measured in the accounts. 
This task, while feasible in theory, requires information that 
does not exist currently in Canada. New surveys created to 
identify the producers of environmental goods and services 
and measure their output promise to provide the required in- 
formation in the not-too-distant future. 


New survey work 


The 1995 Environment Industry Survey will provide infor- 
mation on sales of environmental goods and services (in- 
cluding construction) both domestically and to export 
markets, and on capital and operating expenditures and 
employment in firms producing these commodities. Firms 
undertaking environmental protection as their main activity, 
as well as those for which this is a secondary activity, are 
included in this survey. Results will be available in the fall of 
1997. 


Results from the 1994 Waste Management Industry Survey 
are currently available. They include information on employ- 
ment and revenues from the sale of the following waste 
management services: waste collection and transportation; 
preparing recyclable materials for further processing; oper- 
ating non-hazardous waste disposal facilities; managing 
hazardous wastes; and “other services.” Data on capital 
and operating expenses are available from this survey. Re- 
sults from the 1995 survey will be published in the fall of 
1997. 


The Survey of Consulting Engineers, the Survey of Scientif- 
ic and Technical Services and the Survey of Management 
Consultants provide information on the percentage of reve- 
nue for these firms associated with the provision of environ- 
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mental services. Data for 1991 and 1994 will be available in 
the summer of 1997. 


In addition to these business surveys, the Local Govern- 
ment Waste Management Survey provides data on local 
government revenues from waste management services 
not funded from tax revenues (provision of waste manage- 
ment services, sale of recyclable materials, “other’); and re- 
lated current and capital expenditures (collection and 
transport, disposal facilities, recycling, “other’). Data from 
this survey are available for 1993 and 1994. 


Information from the two waste management surveys will 
be integrated with data on waste management expendi- 
tures from the Financial Management System, from the 
EPES and from the CRES. Information from the Environ- 
ment Industry Survey, the Survey of Consulting Engineers, 
the Survey of Management Consultants and the Survey of 
Scientific and Technical Services will be integrated with 
data from the EPES. 


5.7.3 Measuring the effectiveness of 
environmental protection 
expenditures 


Canadians should be apprised of the magnitude of environ- 
mental protection expenditures so that they can assess 
their effectiveness in terms of reduced environmental dam- 
age. One means of doing so would be to link environmental 
expenditure data from the EPEA with data on waste output 
from the Material and Energy Flow Accounts (Chapter 4). 
Ideally, integration of these accounts would show how ex- 
penditures on environmental protection impact waste pro- 
duction over time. 


At the moment it is not possible to collect environmental 
protection expenditure information at the level of detail nec- 
essary to match it with specific changes in waste produc- 
tion. An integrated account showing changes in levels of, for 
example, sulphur dioxide (SO,) emissions as a result of en- 
vironmental protection expenditures cannot be established 
without data specific to expenditures on reducing SO» emis- 
sions. Nonetheless, a framework for linking waste emission 
data, the expenditures made to reduce emissions and the 
economic and environmental impacts of emission 
reductions will be investigated for future development. 
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Annex 5.1 


Data Sources for the EPEA 


Data requirement 


Data source 


Comment 


Capital expenditures on pollution 
abatement and control (PAC), business 
sector 


Capital expenditures on other 
environmental protection activities, 
business sector 


Operating expenditures on environmental 
protection, business sector 


R&D expenditures on PAC, business 
sector and institutions serving industry 


Capital and Repairs Expenditure Survey (CRES), 
1985-1995 


1994, 1995 Environmental Protection Expenditure 
Survey (EPES) 


1989 Pollution Abatement and Control Survey 
(PACS) 


Environmental Protection Expenditure Survey 
(EPES) 


Environmental Protection Expenditure Survey 
(EPES) 


1989 Pollution Abatement and Control Survey 
(PACS) 


Research and Development in Canadian Industry, 
1990, 1991 and 1993 


Total consolidated government 
expenditures on PAC 


Total consolidated government 
expenditures on natural resource 
conservation and development 


Total government expenditures on PAC, by 
level of government (non consolidated) 


Total government expenditures on natural 
resource conservation and development, 
by level of government (non consolidated) 


Public accounts, 1970/71-1994/95 


Local Government - Current Revenue and 
Expenditure Survey 


Local Government - Capital Expenditure Survey 
Financial report of the Department of Municipal 
Affairs of each province/territory (local 
governments) 


Public accounts (federal government), 1970/71- 
1995/96 


Public accounts (provincial/territorial governments), 
1970/71-1994/95 


Local Government - Current Revenue and 
Expenditure Survey 


Local Government - Capital Expenditure Survey 
Financial report of the Department of Municipal 


Affairs of each province/territory (local 
governments) 


Detail by type of PAC asset from CRES is not available 
by industry because of data confidentiality. 


The 1994 EPES covers 9 manufacturing industries and 
4 primary industries (Logging; Mining; Crude Oil and 
Natural Gas, Electrical Power and Gas Distribution 
Industries; Food; Beverages; Pulp and Paper; Primary 
Metals; Fabricated Metal Products; Transportation 
Equipment [Aircraft and Aircraft Parts; Motor Vehicles; 
Trucks, Bus Bodies and Trailers; Motor Vehicle Parts 
and Accessories]; Non-Metallic Mineral Products; 
Refined Petroleum and Coal Products; Chemicals and 
Chemical Products. In 1995, a sample of the rest of the 
manufacturing sector was drawn and the pipeline 
transportation industry was surveyed. 


The EPES provides more detailed information on PAC 
expenditures than the CRES (EOP vs. CIP 
expenditures and a breakdown by medium). The scope 
of the two surveys is not the same. A reconciliation of 
the data is necessary. 


The PACS covers establishments reporting PAC 
expenditures in CRES and provides information only 
on specific EOP PAC expenditures for 1989. 


These surveys exclude R&D expenditure data. 

See above. 

The EPES covers a broad range of activities for 
selected industries. 

The PACS covers establishments reporting PAC 
expenditures in CRES and provides information only 
on specific EOP PAC expenditures for 1989. 

The two surveys do not represent the same universe. 
The survey covers total internal expenditures on PAC 


R&D. No breakdown between capital and operating 
expenditures is available. 


Local government data may contain some transfer 
payments from local governments to the federal or 
provincial governments. 


Breakdowns by type of PAC activity and by type of 
natural resource conservation and development 
activity are available for the following periods: 
Federal: 1970/71-1995/96 

Provincial/territorial: 1970/71-1994/95 


Local: 1965/66-1994/95 
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ata requirement Data source Caramart 


Capital and Repairs Ex i 

hope 995 P penditure Survey (CRES), With respect to capital expenditures by type of PAC 
asset, CRES does not necessarily provide the PAC 
Public accounts (provincial/territorial governments), 2SS¢t breakdown by level of government for 


Capital expenditures on PAC, government 1988/88-1994/95 confidentiality reasons. 


sector 
Financial report of the Department of Municipal Provincial/territorial government data and local 
Affairs of each province/territory and Local government data are available by province/territory. 
Government - Capital Expenditure Survey, 1 - : 
1994/95 (local NGTCHIN ye 1SESIES Available tables show data from CRES only. 
aan (provincial/territorial governments), 

= 5 No capital e f 

Capital expenditures on natural resource erate A ease Sea a ap acceler ie 

conservation and development, Financial report of the Department of Municipal 

government sector Affairs of each province/territory and Local Provincial/territorial government data and local 


Government - Capital Expenditure Survey, 1983/84- government data are available by province/territory. 
1994/95 (local governments) 


Public accounts (provincial/territorial governments), 


1988/89-1994/95 No PAC current expenditure data available for the 
. federal government. 
reer expenditures on PAC, government Financial report of the Department of Municipal 
Affairs of each province/territory and Local Provincial/territorial government data and local 


Government - Current Revenue and Expenditure government data are available by province/territory. 
Survey, 1983/84-1994/95 (local governments) 


Public accounts (federal government), 1970/71- 
Transfer payments between governments 1995/96 
and between governments and other 
sectors Public accounts (provincial/territorial governments), 
1988/89-1994/95 


Household expenditures on air pollution Number of vehicles purchased and unit prices for To be developed. 


control devices devices. 
Household waste removal on a fee-for- 1994 Private Waste Management Industry Survey 
service basis 


Family Expenditure Survey and industrial surveys _—_ To be developed. 
Household expenditures on garbage 
storage and collection equipment Occasional services only; other sources 


Data on cost of private systems available from 
contractors. 


Household expenditures on septic 


Data on number of installations available from local To be developed. 
systems 


government permits. 
Family Expenditure Survey 


For new vehicles: number of vehicles sold plus data 
on per-unit costs. 
Household expenditures on mufflers To be developed. 
For replacements: value of replacement mufflers, 
including labour costs. 


; Survey of the Importance of Wildlife to Canadians 


Household expenditures on wildlife and Voluntary donations to non-profit organisations To be developed. 
habitat protection (intrasectoral transfer payments). 


Expenditures to protect wildlife, visit parks, etc. 


e sti a= Catalogue no. 16-505-GPE 123 
Canadian System of Environmental and Resource Accounts Statistics Canada - Catalogue no. 16-5 


Environmental Protection Expenditure Accounts 


Econnections 


Annex 5.2 
EPEA frameworks in Europe and 
the United States 


SERIEE framework 


SERIEE is the acronym for Systeme européen de rassem- 
blement de l’information économique sur l'environnement, | 
the environmental protection accounting framework of the 
European Community (Eurostat, 1994a and 1994b). The 
system’s main objectives are: 


¢ evaluation of the costs of environmental protection ac- 
tivities; 


e evaluation of how these costs are borne; and 


e identification of the economic activities that result from 
environmental protection. 


The environmental protection accounting framework of SE- 
RIEE is composed of three central tables addressing each 
the system’s three main objectives. Table A values the dif- 
ferent components of national expenditures for environ- 
mental protection, by users and beneficiaries; Table B 
presents the output of environmental protection activities; 
Table C describes the financing of environmental protection 
expenditures. 


Environmental protection activities are classified according 
to producer in SERIEE (and by the United States). The SE- 
RIEE classification is shown in Text Box A5.1. Table B of 
SERIEE describes environmental protection output of each 
type of producer: primary, secondary and internal. Differen- 
tiating between producers is necessary in order to under- 
stand the nature of the demand for and supply of 
environmental protection activities. 


Beyond the environmental protection expenditure account, 
SERIEE will eventually include an account describing the 
use and management of resources. This second account 
will identify and measure the management of water, forest, 
soil and energy resources, as well as recycling and material 
recovery activities not already covered in the protection ex- 
penditure account. 


U.S. framework 


The U.S. Environmental Protection Agency (EPA) has cho- 
sen to develop an input-output framework to identify and to 
assess the “environmental protection industry.” The U.S. in- 
put-output tables for the period 1977-1991 were adjusted to 
isolate environmental protection activities from other eco- 
nomic activities. The production of goods and services for 
the purpose of compliance with environmental regulations, 
as well as the demand for these goods and services, are 
shown in the U.S. framework (Vaughn Nestor and Pasurka, 
1995). Survey data, engineering studies and administrative 


1. European System for the Collection of Economic Information on the Envi- 
ronment. 
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Text Box A5.1 
SERIEE Classification of Environmental 
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Primary (or external) activities are environmental 
protection activities carried out by producers whose 
principal interest is environmental protection; for ex- 
ample, waste management services provided by a 
private contractor at a market price. 


Secondary activities are environmental protection 
activities carried out by producers for whom environ- 
mental protection is not the main production activity; 
transportation of hazardous waste by a truck trans- 
portation company for example. For such activities, 
only the total value of output is available, as their use 
for environmental protection cannot be _ distin- 
guished from other uses. 


Internal (or ancillary) activities are environmental 
protection activities carried out by producers on 
own-account in order to limit the environmental im- 
pacts of their activities; for example, treatment of liq- 
uid waste effluents from a pulp and paper mill. 
Typically, these activities are carried out by busi- 
nesses in “polluting” industries. The associated in- 
termediate and capital outlays have to be identified 
through special surveys because of the ambiguity of 
these activities. 


In addition, there are connected and adapted 
products. These are products whose use serves an 
environmental-protection purpose. Connected 
products directly serve environmental protection 
purposes without being explicitly “environmental” 
goods; catalytic converters and septic tanks for ex- 
ample. Adapted products, or “green products” as 
they are sometimes called, are those that are less 
polluting at the time of consumption or disposal com- 
pared with equivalent “normal” products, but that are 
more costly. In such cases, the additional cost 
above that of an equivalent, less benign product is 
considered environmental protection expenditure. 


aie Shee eedee 


data are used to disaggregate environmental protection ac- 
tivities. The EPA then uses the input-output tables to pro- 
duce indicators of the importance of environmental 


protection activities in the overall economy. These indica- 
tors include, for example, the contribution of environmental 
protection activities to GNP, and the direct and indirect em- 
ployment derived from these activities. 


Such an elaborate framework requires detailed data, not 
only on final demand for environmental protection activities, 
but also on intermediate consumption associated with the 
provision of environmental protection activities. 
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This glossary provides definitions for terms related to the 
environmental and resource accounts presented in this vol- 
ume. Entries are structured according to the following rules. 


* Definitions begin with the term to be defined presented 
in bold text. 


* Where terms defined elsewhere in the glossary form 
part of definition, these are presented in the definition 
in bold italicised text. 


¢ Terms that commonly appear in abbreviated form in 
this volume are presented with the abbreviation in (pa- 
rentheses); the abbreviations themselves are included 
in separate entries in the glossary with pointers to the 
unabbreviated term. 


¢ Synonyms and/or terms related to the defined term, 
where these exist, are listed at the end of definitions, 
preceded by the words “See also.” 


Abater criterion: Criterion used to classify environmental 
protection expenditures by which such expenditures are 
attributed to the sector in which they are made, regardless 
of which sector originally finances the outlay. Thus, expen- 
ditures on waste management by governments are classi- 
fied to the government sector under the abater criterion, 
although they are originally financed by households through 
property taxes. 


See also: financing criterion. 


Agricultural ecumene: An area defined from the Census 
of Agriculture delimiting the portion of Canada in which ag- 
ricultural activity occurs. It is used in mapping of agricultural 
data to restrict the information to actual agricultural areas. 


See also: ecumene. 


Business capital expenditures: Outlays made by busi- 
nesses for procuring, constructing and installing new infra- 
structure, machinery and equipment, whether for 
replacement of worn assets, as additions to existing assets 
or for lease or rent to others. Also included are all capital- 
ized costs associated with demolition, planning and design 
(such as engineering and construction fees), the value of 
mineral exploration and development costs, and any costs 
associated with the purchase of land that are neither amor- 
tized nor depreciated. Business capital expenditures are re- 
ported gross of any grants or subsidies received. 


See also: capital expenditures; government capital ex- 
penditures; operating expenditures. 


Business sector: All economic units that produce goods 
and services for sale at a price that is intended to cover the 
full cost of production, including a profit for the owners. 
These units include corporations, unincorporated business 
enterprises, independent professional practitioners and 
government business enterprises. 


CanFI91: Acronym for “Canadian Forest Inventory 1991,” a 
principal data source for the Timber Asset Accounts. 


CIP: Acronym for change-in-process, used in reference to 
environmental protection expenditures. 


CLI: Acronym for “Canada Land Inventory” a principal data 
source for the Land Account. 


CLUMP: Acronym for “Canada Land Use Monitoring Pro- 
gram.” 


CNBSA: Acronym for Canadian National Balance Sheet 
Accounts. 


CORINE: Acronym for “Coordination of Information on the 
Environment,” used in reference to the land accounting sys- 
tem of the European Union. 


CRES: Acronym for “Capital and Repairs Expenditure Sur- 
vey,” a principal data source for the Environmental Protec- 
tion Expenditure Accounts. 


CSERA: Acronym for Canadian System of Environmental 
and Resource Accounts. 


CSNA - Acronym for Canadian System of National Ac- 
counts. 


Canadian National Balance Sheet Accounts (CNBSA): 
One of the set of accounts comprising the Canadian Sys- 
tem of National Accounts. The CNBSA is a statement, 
drawn up for the end of the calendar year, of the values of 
financial and non-financial assets owned by Canadian eco- 
nomic agents and of the net financial liabilities against Ca- 
nadians by the economic agents of foreign countries. The 
CNBSA is drawn up for the four broad sectors of the econ- 
omy (businesses, persons, governments and non-resi- 
dents), showing the economic status of each sector; that is, 
the financial and tangible assets at its disposal. 


Canadian System of National Accounts (CSNA): A set of 
integrated accounts portraying the most important macro- 
economic information required for the fiscal management of 
the Canadian economy. In its broad outline, the CSNA 
bears a close relationship to the international System of 
National Accounts 1993. 
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Capital expenditures: Expenditures by business or gov- 
ernment on machinery, equipment, buildings and other 
goods that have useful lives of more than one year. 


Census division: A geographic unit that is intermediate in 
size between a census subdivision and a province. Cen- 
sus divisions are used primarily as spatial units for collect- 
ing and disseminating information from the Census of 
Population. In 1991, there were 290 census divisions in 
Canada. 


See also: census subdivision, enumeration area. 


Census subdivision: A geographic unit generally describ- 
ing a municipality or equivalent (Indian reservations for ex- 
ample) used for collecting and disseminating information 
from the Census of Population. There were 6006 census 
subdivision in 1991. 


See also: census division, enumeration area. 


Change-in-process (CIP): Term for a new or significantly 
modified production process used in reference to environ- 
mental protection expenditures. Examples of CIP expen- 
ditures include process modifications to allow for material 
substitution or the reuse of water in a production system. 


Synonym: integrated process. 


See also: end-of-pipe. 


Consolidated census subdivision: A grouping of small 
census subdivisions within a containing census subdivi- 
sion created for convenience and ease of geographic refer- 
encing. Consolidated census subdivisions are used 
primarily for the dissemination of information from the Cen- 
sus of Agriculture. 


See also: census division, census subdivision, enumer- 
ation area. 


Convention: See environmental convention. 


Cost of produced capital: The cost to the owner for the 
use of produced capital in a business activity. In theory, 
this cost can be calculated as rK +5, where 6 is the rate of 
depreciation of the produced capital stock and rK is the re- 
turn to produced capital. 


Current expenditures: See operating expenditures. 


DCW: Acronym for “Digital Chart of the World,” an electron- 
ic map of the earth’s surface (Environmental Systems Re- 
search Incorporated, 1993). 


Defensive expenditures: Expenditures undertaken by any 
economic agent for the purpose of defence against a dete- 
rioration of the environment. They include expenditures 


made with the intention of offsetting, remedying or prevent- 
ing environmental degradation. 


Direct-use value: The value of a natural resource asset 
associated with its use in economic activity; for example, as 
a source of raw material. The value of recreation and other 
non-consumptive uses of the environment, such as aesthet- 
ic appreciation, are included in direct-use value. Some di- 
rect-use values are part of the market value of natural 
resource assets (resource extraction value for example). 
Others are part of non-market value (the value of aesthetic 
appreciation for example). 


See also: indirect-use value, market value; non-market 
value; non-use value. 


Discount rate: The rate used to discount future income in 
the present value method of valuing natural resource as- 
sets. The discount rate expresses the degree to which an 
economic agent prefers income today rather than in the fu- 
ture. This time preference will vary depending on the agent 
in question. In general, individuals and businesses have 
higher rates of time preference than governments. That is, 
individuals and businesses tend to demand a quicker return 
from an investment than governments. Higher rates of time 
preference translate into higher discount rates. In addition 
to time preference, discount rates can also reflect risks as- 
sociated with the future returns expected from an invest- 
ment. 


Durable good waste: Waste produced when long-lived 
goods are discarded. Includes, among others, wastes from 
buildings and other built infrastructure, machinery and 
equipment (commercial and household), vehicles and fur- 
nishings. 


EA: Acronym for enumeration area. 


EIS: Acronym for “Environmental Information System,” a 
GIS-based information system of Statistics Canada. 


EOP: Acronym for end-of-pipe, used in reference to envi- 
ronmental protection expenditures. 


EPEA: Acronym for “Environmental Protection Expenditure 
Accounts.” 


EPES: Acronym for “Environmental Protection Expenditure 
Survey,” a principal data source for the Environmental Pro- 
tection Expenditure Accounts. 


Ecodistrict: A sub-component of an ecoregion character- 
ized by distinctive assemblages of relief, geology, land- 
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forms and soils, vegetation, water, fauna, and land-use. 
There are 5 395 ecodistricts in Canada. 


See also: ecozone; ecoregion. 


Economic activity: As defined in the Canadian System of 
National Accounts, economic activity comprises all activi- 
ties involved in producing goods and services for sale in the 
marketplace. This definition is extended in the CSERA to in- 
clude all activities involved in commodity production and/or 
consumption, whether of commodities traded in the market, 
or of commodities produced and consumed by the same 
economic agent with no associated transaction. 


Economic rent: See resource rent. 


Economically recoverable reserves: Reserves of subsoil 
assets that can be recovered under current technological 
and economic conditions. 


Economically sustainable development: See Sustaina- 
ble development. 


See also: natural resource assets; reserves. 


Economy-environment indicator: A time-series measure 
summarizing an aspect of the relationship between eco- 
nomic activity and the environment. 


Ecoregion: A sub-component of an ecozone characterized 
by distinctive regional factors, including climate, physiogra- 
phy, vegetation, soil, water, fauna and land-use. There are 
217 ecoregions in Canada. 


See also: ecozone; ecodistrict. 


Ecosystem: A biological community of interacting organ- 
isms and their physical environment. 


Ecozone: A large area of the earth’s surface delineated by 
distinctive sets of non-living and living resources that are 
ecologically related. Each zone can be viewed as a discrete 
system resulting from the interplay of the geologic, geo- 
graphic, soil, vegetative, climatic, wildlife, aquatic and hu- 
man factors which may be present in the region. There are 
15 ecozones in Canada. 


See also: ecodistrict, ecoregion. 


Ecumene: A term derived from the Greek used in reference 
to the permanently settled portion of a country, or “inhabited 
land.” The concept is employed in thematic mapping to en- 
sure that the spatial representation of data is limited to a 
particular area, such as agricultural land. 


See also: agricultural ecumene. 


End-of-pipe (EOP): Term for a facility or equipment added 
to a production process (and not an integral part of the proc- 
ess) with the sole intent of reducing and/or neutralizing the 
waste associated with that process. EOP is used in refer- 
ence to environmental protection expenditures to de- 
scribe expenditures with the sole purpose of protecting the 
environment. 


See also: change-in-process. 


Enumeration area (EA): A geographic unit describing the 
area canvassed by one representative, or enumerator, for 
the Census of Population. The number of dwellings in an 
enumeration area varies between 375 in urban areas and 
125 in rural areas. Enumeration area boundaries do not 
cross those of any of the other areas defined for the Cen- 
sus. 


See also: census division, census subdivision. 


“Environment industry”: All companies operating in Can- 
ada that are involved in whole or in part in the production of 
environmental products, the provision of environmental 
services and the undertaking of environment-related con- 
struction activities. These companies produce goods and 
services that are used, or can potentially be used, to meas- 
ure, prevent, limit or correct damage (both natural and man- 
made) to water, air and soil. The industry also includes com- 
panies that produce technologies and related components 
that minimise pollution, material and energy use. 


Environmental convention: Any formal, multi-party com- 
mitment among businesses, or between government and 
business, to meet specific environmental targets. Examples 
include the Canada-United States Air Quality Agreement, 
the National Packaging Protocol, and the Responsible Care 
program adopted by the Canadian Chemical Producers As- 
sociation. 


See also: environmental regulation, environmental pro- 
tection expenditures. 


Environmental protection expenditures: Current and 
capital expenditures made to comply with, or anticipate, 
environmental regulations or conventions that apply to 
Canada. The following categories of expenditures are in- 
cluded: pollution abatement and control, restoration of 
wildlife and habitat; environmental monitoring, assess- 
ments and audits; and site reclamation and decommission- 


ing. 


Environmental regulation: Any current or anticipated Ca- 
nadian federal, provincial or municipal law intended to pro- 
tect or restore the environment. Examples of environmental 
regulations include the regulations concerning liquid efflu- 
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ents from the pulp and paper, metal mining and petroleum 
refining industries made under the Canada Fisheries Act. 


See also: environmental convention, environmental 
protection expenditures. 


FMS: Acronym for “Financial Management System,” the 
classification of federal government expenditures used in 
the Public Accounts of Canada, the latter being a principal 
data source for the Environmental Protection Expenditure 
Accounts. 


Financing criterion: Criterion used to classify environ- 
mental protection expenditures under which such expen- 
ditures are attributed to the sector by which they are 
originally financed, regardless of which sector actually 
makes the final outlay. Thus, expenditures on waste man- 
agement by governments are classified to the household 
sector under the financing criterion, as they are originally fi- 
nanced by households through property taxes. 


See also: abater criterion. 
GDP: Acronym for Gross Domestic Product. 
GIS: Acronym for “Geographic Information System.” 


Global warming potential (GWP): An index expressing 
the potential of a given greenhouse gas to contribute to glo- 
bal warming over a specified period (20, 100 or 500 years). 
The index is measured relative to the warming power of car- 
bon dioxide, which is arbitrarily assigned a value of 1 
(Houghton et al., 1996). 


See also: greenhouse effect. 


Government capital expenditures: Expenditures by gov- 
ernments on new durable assets such as buildings, water- 
works, sewage systems, roads, harbours, airports, as well 
as machinery and equipment. 


Synonym: Government investment in fixed capital. 


See also: capital expenditures; business capital expen- 
ditures. 


Government sector: All general departments, agencies 
and funds (budgetary and non-budgetary) of the federal, 
provincial and local governments, including locally adminis- 
tered elementary and secondary school systems, plus non- 
profit hospitals and the Canada and Quebec Pension Plans. 


Greenhouse effect: A natural phenomenon whereby cer- 
tain trace atmospheric gases (referred to as greenhouse 
gases) absorb a portion of the heat radiating from the plan- 
et’s surface, trapping and reflecting it back to the earth’s 
surface. Scientists have expressed concern that human-in- 
duced changes in the atmospheric greenhouse gas con- 


centrations are significantly enhancing the naturally 
occurring greenhouse effect (Houghton et a/., 1996). This 
enhancement is predicted to cause warming of the earth’s 
atmosphere and significant disruptions in global climatic 
systems. 


See also: global warming potential. 


Greenhouse gases: The group of chemical compounds 
that are responsible for the so-called greenhouse effect. 
The most important greenhouse gases produced by eco- 
nomic activity are: carbon dioxide (COs), methane (CHy), 
nitrous oxide (N50) and chlorofluorocarbons (CFC). 


See also: global warming potential. 


Gross Domestic Product (GDP): An important macro-eco- 
nomic indicator measuring the unduplicated value of the 
goods and services produced within a nation’s boundaries, 
regardless of the ownership of the factors of production. 
GDP is estimated in three ways in the Canadian System of 
National Accounts: as the sum of all income in the econo- 
my; as the sum of all expenditure in the economy; and as 
the sum of value-added by each industry in the economy. 


Hotelling model: A model based on the seminal work on 
natural resource valuation of Harold Hotelling (1931). This 
model assumes that in a perfectly competitive market the 
price of the marginal unit of a non-renewable resource—net 
of extraction, development and exploration costs (including 
Capital costs)—will rise over time at a rate equal to the rate 
of interest. 


See also: net price method. 
Household sector: See personal sector. 


Indirect-use value: The value associated with the func- 
tions (or services) provided by the environment. These in- 
clude, among others, carbon fixation, the provision of 
oxygen, ultra-violet radiation absorption and waste assimi- 
lation. 


See also: direct-use value, market value; non-market 
value; non-use value. 


Input-Output Accounts: One of the set of accounts com- 
prising the Canadian System of National Accounts. The 
Input-Output Accounts portray in substantial detail the an- 
nual value of commodity flows between industries and con- 
sumers. These flows are recorded in three matrices: the 
“make” matrix portrays the value of each commodity pro- 
duced by each industry; the “use” matrix portrays the con- 
sumption of each commodity by each industry; and the “final 
demand” matrix portrays the consumption of commodities 
by households, governments, exports (net of imports), busi- 
ness inventories and capital formation. The Input-Output 
Accounts yield the benchmark estimate of Gross Domestic 
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Product against which all other GDP estimates deriving 
from the CSNA must accord. 


Land cover: A description of the physical nature of the 


land’s surface (urban built-up areas or mature forest for ex- 
ample). 


Land potential: A description of the biophysical properties 


of land (climate, geology, topography and soil characteris- 
tics for example). 


Synonym: land capability. 


Land use: A description of the use of land for commercial, 
non-commercial and ecological purposes. 


MEFA: Acronym for “Material and Energy Flow Accounts.” 


-MSAA: Acronym for “Monetary Subsoil Asset Account,” a 
component of the Natural Resource Stock Accounts. 


MTAA: Acronym for “Monetary Timber Asset Account,” a 
component of the Natural Resource Stock Accounts. 


Market value: The value (or price) that is attributed to a 
good or service in trade between two economic agents. 
Market values can be directly observed in the marketplace 
or estimated using indirect methods. 


See also: direct-use value; indirect-use value, net price 
method, non-market value; non-use value; present val- 
ue method. 


NAMEA: Acronym for “National Accounting Matrix including 
Environmental Accounts,” the environmental accounting 
framework of the Netherlands Central Bureau of Statistics. 


NDP: Acronym for Net Domestic Product. 
NMHC: Acronym for “Non-methane hydrocarbon.” 


NPRI: Acronym for “National Pollutant Release Inventory,” 
a company-specific database of information on releases of 
a wide range of substances, many toxic, from business fa- 
cilities in Canada. (Environment Canada is the responsible 
agency.) 


NRSA: Acronym for Natura! Resource Stock Accounts. 


National wealth: The sum of the values of the non-financial 
assets held by al! domestic sectors of a nation. A related 
measure, national net worth, is defined as national wealth 
less net financial claims by non-residents on the domestic 
sectors of the economy. (Financial assets and liabilities of 
the domestic sectors do not factor into net national worth, as 


the financial claims of one domestic sector against another 
cancel out in the summation of assets and liabilities for the 
economy as a whole.) 


See also: Canadian National Balance Sheet Accounts; 
natural resource wealth; produced capital. 


Natural capital: The natural environment as the source of 
material resources and environmental services that are 
necessary for economic activity and human well-being. 


See also: produced capital, natural resource assets; na- 
tional wealth. 


Natural resource assets: “Naturally occurring assets over 
which ownership rights have been established and are ef- 
fectively enforced...qualify as economic assets and [are to] 
be recorded in balance sheets. [Such assets] do not neces- 
sarily have to be owned by individual units, and may be 
owned collectively by groups of units or by governments on 
behalf of entire communities...In order to comply with the 
general definition of an economic asset, natural assets 
must not only be owned but be.capable of bringing econom- 
ic benefits to their owners, given the technology, scientific 
knowledge, economic infrastructure, available resources 
and set of relative prices prevailing on the dates to which 
the balance sheet relates or expected in the near future” 
(Commission of the European Communities et a/., 1993; p. 
219). 


See also: tangible non-produced assets. 


Natural resource conservation and development ex- 
penditures: Used to describe government expenditures as- 
sociated with the development of natural resources and 
with the conservation of these resources. Categories in- 
clude agriculture, forests, fish and game, mines, oil and gas 
and “other” (energy efficiency improvement for example). 


Natural resource wealth: The value of a nation’s holdings 
of natural resource assets. 


nec: Acronym for “not elsewhere classified.” 


Net Domestic Product: A macro-economic indicator equal 
to Gross Domestic Product less the depreciation of fixed 
capital, or capital consumption allowance. 


Net price method: A method used for valuing natural re- 
source assets, based on the so-called Hotelling model, in 
which the value of a subsoil asset stock is calculated as the 
resource rent per unit of asset times the size of the asset 
stock. 


See also: present value method. 


Non-market value: The value of a good or service that is 
based on something other than trade between economic 
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agents. Non-market values include, for example, the value 
of the environment as a source of waste assimilation serv- 
ices. Although no transaction occurs in association with the 
use of these services by economic agents, there is, in the- 
ory, a measurable value associated with them. 


See also: direct-use value, indirect-use value; market 
value; non-use value. 


Non-use value: The value placed on (or the benefits ob- 
tained from knowing about) the existence of natural re- 
sources. Bequest value is the value associated with 
assuring that natural resources are passed on to future gen- 
erations. Option value is the value associated with assuring 
the future availability of resources for one's own possible fu- 
ture use (the value placed on maintaining natural resources 
as future sources of genetic material for example). 


Synonym: existence value. 


See also: direct-use value; market value; non-market 
value, non-use value. 


OECD: Acronym for “Organisation for Economic Coopera- 
tion and Development.” 


Operating expenditures: Outlays by business or govern- 
ment for labour, fuel, electricity, materials, supplies and oth- 
er non-durable goods, plus purchased services. The term 
operating expenditures is used mainly in reference to the 
business sector, current expenditures is used in reference 
to the government and personal sectors. 


Synonym: current expenditures. 


See also: capital expenditures; business capital expen- 
ditures; government capital expenditures. 


QRESD: Acronym for “Quarterly Report on Energy Supply- 
Demand,” a principal data source for the Material and Ener- 
gy Flow Accounts. 


PAC: Acronym for pollution abatement and control. 


PACS: Acronym for Pollution Abatement and Control 
Survey. 


PSAA: Acronym for “Physical Subsoil Asset Account,” a 
component of the Natural Resource Stock Accounts. 


PTAA: Acronym for “Physical Timber Asset Account,” a 
component of the Natural Resource Stock Accounts. 


Personal sector: All persons, households and non-profit 
organisations (such as charitable institutions, labour un- 
ions, professional organisations, fraternal societies and uni- 


versities). Also included are private pension funds and the 
investment income of life insurance companies. 


Synonym: household sector. 


Pollution Abatement and Control Survey (PACS): An an- 
nual survey run by Statistics Canada through which infor- 
mation on pollution abatement and control expenditures 
is collected from businesses. This survey is a principal data 
source for the Environmental Protection Expenditure Ac- 
counts. 


See also: pollution abatement and control expenditures 


Pollution abatement and control (PAC) expenditures: 
Outlays for the primary purpose of preventing, abating or 
controlling the waste resulting from economic activity. 


Present value method: A method used for valuing natural 
resource assets based on the application of a discount 
rate to an expected stream of future resource rent returns. 


See also: net price method. 


Produced capital: Assets such as buildings, machinery, 
equipment and roads that have been produced by econom- 
ic activity. 


Synonym: produced assets. 


See also: natural capital; natural resource assets; na- 
tional wealth. 


Rate of depreciation: An accounting approximation of the 
value of produced capital goods “used up” during a given 
period’s production. 


Synonym: capital consumption allowance. 


Recycling: The diversion of waste materials back into the 
economy for reuse. The sale of waste material from one 
process for use in another process may or may not be con- 
sidered recycling, depending on the circumstances. When 
undertaken for profit on the part of the waste producer, this 
type of transaction represents not the recycling of wastes 
but the exchange of valued goods between economic 
agents. However, if the sale price of the waste is intended 
only to cover the producer’s costs in the transaction, the 
material is considered to be a recycled waste, as it has no 
positive value to the producer. 


Rent: see resource rent. 


Reserves: Term used to refer to deposits of subsoil assets 
that can be assumed with a high degree of certainty to be 
profitable under current technological and economic condi- 
tions. The exact criteria used to define a reserve differs from 
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one subsoil asset to another. Section 3.3 in this volume pro- 
vides more details. 


See also: economically recoverable reserves. 


Resource rent: The difference between total revenue gen- 
erated from extraction of a natural resource asset and all 
costs incurred during the extraction process, including the 
cost of produced capital, but excluding taxes, royalties 
and other costs that are not directly due to the extraction 
process. Resource rent serves as the basis for estimating 
the market value of natural resource asset stocks in the 
Natural Resource Stock Accounts. 


Return to produced capital: The portion of the revenue 
earned from an activity that is due the owner of the pro- 
duced capital employed in the activity. Return to produced 
capital is interpreted in the Canadian System of Environ- 
mental and Resource Accounts as the cost of financing 
the acquisition of the produced capital stock used in re- 
source extraction activities. Financing costs are estimated 
using a nominal long-term industrial bond rate. 


See also: cost of produced capital, rate of depreciation. 


SAA: Acronym for “Subsoil Asset Accounts,” a component 
of the Natural Resource Stock Accounts. 


SEEA: Acronym for System for Integrated Environmen- 
tal and Economic Accounting. 


SERIEE: Acronym for Systeme européen de rassemble- 
ment de I’information économique sur l’en vironnement,' the 
environmental expenditure classification of the statistical of- 
fice of the European Community (Eurostat). 


SIC: Acronym for “Standard Industrial Classification,” the 
classification of industries used by Statistics Canada in its 
business survey programs (Statistics Canada, 1980). 


SNAQ3: Acronym for System of National Accounts 1993. 


Strong sustainability: A form of sustainable develop- 
ment requiring that both natural capital and produced 
capital be maintained constant over time independently of 
one another. The assumption implicit in this interpretation is 
that the two forms of capital are mainly complementary; that 
is, one is generally necessary for the other to be of any val- 
ue. 


See also: national wealth, natural capital, produced cap- 
ital; sustainable development, weak sustainability. 


1. European System for the Collection of Economic Information on the Envi- 
ronment. 


Stumpage value: The value of timber “on the stump,” be- 
fore industrial intervention. 


Sustainable development: In its most widely accepted for- 
mulation, sustainable development is defined as: 


development that meets the needs of the present 
without compromising the ability of future genera- 
tions to meet their own needs (World Commission 
on Environment and Development, 1987; p. 8). 


In the CSERA, economically sustainable development is in- 
terpreted as: 


development that generates non-declining per 
capita national income by replacing or conserving 
the sources of that income; that is, the stocks of 
produced and natural capital (Bartelmus, 1990). 


See also: weak sustainability, strong sustainability. 


System for Integrated Environmental and Economic 
Accounting (SEEA): The draft United Nations system for 
integrating environmental information into the national ac- 
counting framework (United Nations, 1993). 


System of National Accounts 1993 (SNAQ3): The interna- 
tionally accepted guidelines outlining the concepts and 
methods of the national accounts (Commission of the Euro- 
pean Communities et a/., 1993). Most nations having mar- 
ket-based economies follow the broad outlines of these 
guidelines when producing their own national accounts. 


TAA: Acronym for “Timber Asset Accounts,” a component 
of the Natural Resource Stock Accounts. 


THC: Acronym for “total hydrocarbon.” 


Tangible non-produced assets: The SNA93 term for nat- 
ural resource assets. 


Transfers: Payments of funds from one sector to another 
without quid pro quo (government payments to individuals 
for social assistance for example.) Transfers made for the 
purpose of financing investment, other forms of accumula- 
tion or long-term expenditure by the recipient, or that are 
made out of the wealth or savings of the donor, are called 
capital transfers. Those that add to the current income of 
the recipient are called current transfers. 


Waste: Any material/energy that is of no monetary value or 
material use to the producer and that is disposed of, either 
directly to the environment or through another economic 
agent, without remuneration to the producer. This definition 
encompasses all types of wastes, regardless of physical 
form (gas, liquid, solid or some form of energy) or point of 
entry into the environment. Material or energy need only be 
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without value or use to its producer for it to be considered 
waste, notwithstanding any value or use that another eco- 
nomic agent may ascribe to it. 


Weak sustainability: A form of sustainable development 
that seeks to maintain from year-to-year the per capita in- 
come generated from the produced and natural capital 
available to a nation. No regard is given to the composition 
of the nation’s total capital stock, on the assumption that 
produced and natural capital are substitutes for one anoth- 
er. Weak sustainability allows for the depletion or degrada- 
tion of natural capital, so long as such depletion is offset by 
increases in the stock of produced capital. 


See also: national wealth; strong sustainability, sustain- 
able development. 


Wealth: The capacity of an individual, business or country 
to generate income for itself. Wealth is defined in the Cana- 
dian System of Environmental and Resource Accounts 
to consist of the combined value of Canada’s natural re- 
source assets and (non-financial) produced assets. 


See also: natural resource wealth, Canadian National 
Balance Sheet Accounts, national wealth. 
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